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suggest the need for alternatives. This report surveys the various
means of implementing a computer resource: commercial time-sharing,
small-scale time-sharing systems, multi-use minicomputers, and

minicomputer systems. Each approach is analyzed for cost,
number of students supported.
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How the students make use of
its educational limitation are also reviewed. The

implementation of high level languages, such as FORTRAN and BASIC,
are considered for their educational utility and the number of
students they can support. In addition, a survey of minicomputers and
suitable peripheral equipment is appended. Manufacturers and

aguipments are named and discussed,

and prices are also provided.

Finally, a glossary of computer technology jargon is included.
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SUMMARY

The last few years has seen more and more secondary schools introduce
computer concepts and some form of computing resource into their educa-
tional program. The usual computing resource introduced into the sec-
ondary school is the commercial time-sharing service utilizing telephone
lines, data set and a teletypewriter terminal. Commercial time-sharing
services are quite satisfactory when the educational program is just
beginning, since it requires 1ittle prior experience and only a modest
expenditure to start up. Almost invariably, however, after a relatively
short time the demand for terminal availability and computer usage will
out strip the available funds. As the demands for computer service and
expendi tures increase alternatives to commercial time-sharing services
shculd be considered. These alternatives include small scale time-
sharing systems, limited multi-user and single-user minicomputer systems.
Each of these approaches has been examined for cost, how the student will
use it, and how effectively will it handle large numbers of students.

Minicomputer systems are an attractive alternative costwise, since
they are comparable when considering total time-sharing costs, including
the terminal and telephone charges over one " two years. The mini-
computer, ir the educational environment, can provide advantages that
a time-sharing service cannot provide. This includes assembly or machine
language instruction, "hands-on-the-machine" experience, and a much
greater appreciation of what a computer is, how it operates, what it
can and cannot do. The minicomputer is quite flexible in the way it can
be used. It is quite possible for a secondary school to start with a
useful minicomputer system for about $6500 and to expand it, as the needs
and demands require, to a sophisticated educational system. Mini-
computers, however, use the teletypewriter for input-output, as does
time-sharing. Because the teletypewriter is a relatively slow device
and because of the manner in which it must be used,it tends to restrict
the number of students who can have access to the computer. The modern
minicomputer is inherently capable of processing many more student
problem programs then the teletypewriter permits. Recent advances in
technology have resulted in a number of low cost peripheral input-output
devices for use with the minicomputer. Integrating suitable low cost
input-output devices with a minicomputer can result in a highly efficient
educational computer system. Such computing systems, with a high cana-
city for processing student programs, tan support several hundred
. students. A1l of the computer system configurations developed in this
report cost below $25,000. They begin with the simplest useful computer
system and indicate how it can be expanded to meet increasing demands
for computing resources. The use of mark sense cards as an input
medium is discussed and its advantages are explored.

The report develops criteria and specifications for selecting a
minicomputer and suitable input-output peripheral devices. The configura-
tions developed indicate how these peripheral devices can be utilized to
create effective educational computer systems. Although these computer
systems are general purpose and can serve in a variety of pedegogical
roles, they are not designed with computer aided instruction (CAI) in .
‘mind. A fairly thorough survey of minicomputers and suitable peripheral
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equipments is included in the appendices. Manufacturers and equipments
are named, not as endorsements but as equipment which the author feels is
suitable at the time of the report. Prices are also given but should
only be taken as guide lines and not as firm quotes. Several pitfalls
in planning a computer system are discussed including what the computer
manufacturer's salesren present and what should be considered. Since
computer technology has developed its own special vocabulary and jargon,
a glossary has been included in the report. The glossary is orientated
to those with little or no background in computer technology. It is
hoped that the glossary will better equip those who will deal with
computer salesmen or use computers in the classroom.

The report describes the various means of implementing a computer
resource, ie, commercial time-sharing, smali-scale time-sharing systems,
multi-use minicomputers and minicomputer systems. Each approach is
analyzed for cost, support required (both of the secondary school and
vendor), number of students supported. How the students make use of
the resource and its educational limitation are also reviewed. The
implementation of high level languages, such as Fortran and BASIC are
considered for their educational ulility and the number of students
they can support. How BASIC can be used in the configurations de-
veloped is also indicated.

Ly ey



Introduction and Background
I. General

Until recent years, education in the computer sciences has been
the domain of colleges and universities. However, secondary school
educators have been, for some time, jncreasingly aware of the growing
role of computers in our technology-oriented society. These educators
have been anxiously interested in introducing comnuters, computer
concepts and ccmputer related materials into the secondary level cur-
ricula. Teachers, particularly 1in mathematics and the sciences, have
pursued course work, inservice programs and summer institutes in order
to acquire or expand their working knowledge and abilities with com-
puters and related subjects. Students in the SSTP (Secondary Science
Training Program) have been most enthusiastic in their response to com-
puter oriented programs. In some instances it has been these students
who have provided the impetus to involve their schools in a computer
education program. In addition, a great deal o interest has been
aroused and stimulated by a number of the programs funded at the secon-
dary and university levels. Much useful information and curriculum
development work has resulted from these programs. As increasing num-
bers of students participate in the various programs, many of tha oper-
ational problems are coming to light.

Most programs start with modest ambitions. A relatively small
number of studeits, usually honor students and/or seniors are selected
at the start o a program. Either a time-sharing service and terminals
or a computer is obtaired as a computing resource for the program. S0
long as the group remains relatively small, the program proceeds fairly
well. The inherent limitations of the computer resource, commcn to
most programs, becomes evident as attempts are made to extend the pro-
gram to broader segments of the school's population. The major Timit-
ation then encountered is the number of student problems which can be
processed by the available computer resource. When the students are
learning the elements of a programming language, such as BASIC,*the
size of their computer programs are relatively small. However, they
must have repeated access to the computing facility to correct syntactic
as well as logic errors in their comnuting orogram. The type of com-
puting resource available and how it is managed has an important bear-
ing on how many student problcms can be processed. Later in this re-
port I shall describe the common approaches to computing resources, how
their limitations manifest themselves, and an alternative solution de-
signed to improve the student problem-program processing lTimitations. The
number of student computer-programs grows quite rapidly as the students
begin to explore the use of the computer to solve problems in their
other courses and laboratory work. Teachers who did not originally con-
template using the computer in their subjects soon realize the pedagog-
ical value which the computer may afford them. Most educators appreciate
the value of permitting students the freedom to explore the world of com-
puters, within appropriate 1imits. Thus, the demand for computing re-
* BASIC - is a conversational algebraic language developed at Dartmouth

College. -
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sources can easily grow beyong the capacity of the initially chosen re-
source. This forces the school to limit student access to the computing

recource.

It is worthwhile to examine the approaches which secondary schools
have taken to obtain a computing resource. Ve shall also examine stu-
dent behavior in terms of cost, efficiency and problem throughput and
limitation. Finally we shall look at some alternative solutions with
reiatively high capacity for processing student problems.

7 In general, two basic approaches are available in securing compu-
ter resources for a program in computer education.

1. Commercial Time-Sharing Services

The first and easiest computer resource to start with, is to use
a commercial time-sharing service. Teletypewriter terminals are used
in a classroom to communicate with a remotely Tocated computer over
ordinary telephone lines. The teletypewriter is a typewriter-like de-
vice which can operate at a maximum speed of 10 characters-per-second.
A data set (or a coupler) interconnects the teletypewriter and the
telephone Tine to the remote computer site. The student dials the num-
ber which will connect him to the time-sharing computer. Using the
terminal, the student supplies information which identifies him to the
computer as a valid user of the time-sharing service. This initial
dialog is usually termed "logging into the system." The student then
specifies some additional information, such as which programming lang-
uage he wishes to use, whether he will enter a new program or modify
a previously entered one. At this point the student may actually
begin working on his programming problem by typing statements in the
programming language. At some point, depending on the time-sharing
system employed, the computer will notify the student of syntactic
errors in the statements entered. The student must either recognize
the error, consult a manual or book, or ask someone for help. Once
past all the language errors, the student may still find that his pro-
gram does nat give him the correct answers. This usually indicates a
lack of problem understanding on the part of the student. The student
may have a clue as to what went wrong or he may seek clarification and
assistance from the instructor. Before the student leaves the terminal
ko is usually required to "log-off the system." For a student to ac-
cemplish any meaningful work, he will have to spend a minimum of 20
minutes at the teietypewriter terminal. In general, several sessions
at the terminal will be required in order to solve most problems.
This time restriction has a natural tendency to restrict the number of
students who can have access to the computer resource. The number of
terminals can be increased to handle additional students but this raises
the question of costs. The costs for operating with timesharing ter-
minals will include the cost of rental of a terminal with a suitable
dataset ‘or coupler, supplies, sueh as paper, paper-tape, in ribbons,
telephone 1line charges, connect-time (i.e. the Tength of time the ter-
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minal is actually connected to the computer), actual computer usadge,
and use of the computer's storage facility. Actual costs will depend
on basic telephone Tine charges from the terminal to the computer, and
on the time-sharing vendor's rate schedule. We can, nevertheless, give
the range and typical costs the user might expect to encounter:

range typical
1 - Terminal, telephone $65.00 - $10n  $85.NN per month
coupler, supplies and rental
maintenance
2 - Telenhone and line .60 - 3 1.50 per hour
charges
3 - Connect tine 6.00 - 12 7.5N per hour

If the teletypewriter terminal and a time-sharing service is ,
used 4 hours daily, 5 days a week, for a typical school year (2 months)
the cost will be about $7,250 per terminal per year. The largest
single factor contributing to the cost of oneration is the connect-time
charges. This can be reduced by seeking educational discounts, bulk
usage rates, and "shopping around." It does not take many students to
exceed the capacity of a single terminal. It does help to have at
least one or two additional teletypewriters which are used solely for
the purpose of preparing programs on punched naper-tare. Placing the
pregrams on punched paper-tane is done indenendently of the remote
time-sharing computer. It is anaiogous to punching IBM punch cards.
When the student. is ready to enter his program, he reads it in on the
terminal's panper-tane reader at 10 characters-ner-second. In reducing
the length of time to enter a computer program, the connect-time chav-
g7es for & given program is reduced and the number of student-problems
processed increases somewhat. Once a computer education program is
underway, even for a short time, the demand for access to the compu-
ting rescurce will ocutstrip the capacity of a single terminal operated
for 3 or 4 hours a day. However, operating several terminals with
time-sharing services, quickly becomes prohihitively expensive. There
is also the economic disadvantage that the school does not gain equity
for the monies it expends. The other disadvantages are that the students
cannot obtain "hands on" (i.e. hands on the combuter) exnerience and
that most time-sharing services do not have assembly or machine lang-
uages available from a terminal.

ITI. Small Scale Time-sharing

Most commercial time-sharing services are based on large scale
computer complexes costing millions of dollars. However, recent tech-
nological advances have led to the introduction of small scale time-
sharing systems costing in the neighborhood of one Kiundred thousand



dollars. Typical of these systems are Honeywell's HTSS-16, Hewlett
Packard's 2000A/B and Digital Equipment Corporation's TSS-8. They
are capable of supporting 16 to 32 terminal users simultaneousiy.
Although these systems do require a large capital investment, they can
reduce the time-sharing costs over those using commercial sources.
This may seem an attractive approach, especially where several
schools and/or school districts can pool their financial resources to
acquire such a system. The major advantage over a commercial time-
sharing source is that costs are fixed without limiting the amount

of terminal usage. Under these circumstances students could be en-
couraged to experiment and explore during periods when the terminals
were not under scheduled use.

The disadvantages of a small scale time-sharing system are much
the same as with commercial time-sharing services. Students will re-
quire a minimum of 20 minutes at a terminal to accomplish a rudimen-
tary amount of work. Students who are assigned problems will have to
be scheduled for time. Someone will have to be assigned responsibil-
ity for taking care of the system. tracking down and reporting mal-
functions to the anpropriate maintenance people. Although students
very quickly learn to operate the computer system and can operate it
during their free time, some full time staff member should thoroughly
acquaint himself with the entire system so that transitions from
semester to semester and year to year can he made smoothly, "“

A1l of the smal? scale time-sharing systems support the BASIC pro-
gramming lariguage. BASIC is easily learned by students and will serve
as an excellent tool in solving a variety of problems, demonstrations
cf concepts, and simulation of experiments. However, BASIC because of
its simplicity and convenience, does have some limitations. Students,
once they have mastered BASIC, will wish to use something more flexible.
In addition, if the educational program intends to teach students some-
thing of Computer Science, assembly language will be required. OFf the
small scale time-sharing systems generally available, only Digital
Equipment Corporation's TSS-8 has the capability of offering assembly
language programming in a time-sharing environment. Even in this case,
the student does not gain the stimulation of "hands-on" experience.

The student, at a remote teletypewriter cannot observe or manipulate

the computer's registers and hence does not not develop a sense of "what
the computer is doing." The terminal usar is under control of the
time-sharing computer, but the "hands-on" computer user is in control

of the computer. For many students this is very exciting, stimulating
and a very strong point in their motivation.

IV. Minicomputer System
The third alternative for computing resources is to acauire a com-

puter §ystem. Until recently, the computer systems offered to secondary
schools, with the exception of the IBM 1620 and IBM 1130, were primarily




desiagned for business data processing rather than the instructional needs
of a secondary school. Generally, these computer systems were too large
and expensive for a school and usually required trained personnel to
operate and program for them. Even when such machines as IBM's 1620,
1130, 1401's were acquired they were not suitable for general use
throughout the school. These systems cculd not provide adeguate sup-
nort for significant numbers of students unless they were expanded at
prohibitively high cost.

In early 1965 Digital Equipment Corporation introduced the PDP-8
at a cost of $18,000. In late 1965 Digital Equipment announced the
PDP-8/s for $10,000 complete with a teletypewriter. The development
of these two machines ushered in the age of the minicomputer. However,
it was not until about 1967 that the low cost minicomputer gained accep-
tance as a general purpose computing tool. The growth of minicomputers
has been almost explosive. In 1967 there were less than half dozen
manufacturers of computers selling for less than $15,000. Today (1971)
there az~e over 50 manufacturers who have over 65 d]rferent computers
selling for $15,000 or Jess.

V. The minicomputer in the Secondary School

Secondary schools which have acquired a minicomputer, through pur-
chase or lease, operate them either as a single-user batch system or
as a multi-user system. Both approaches are 1imited in the number of
student problems which can be processed by the computer.

a) Single-user batch

The single-user batch system is often the lowest in cost

and is to be found in a large number of secondary school
programs. It consists of a minicomputer with 4096 to 8192
words of core storage and a teletypewriter (with an attached
paper-tape reader/punch). The cost of typical systems

range from $8500 to $12,000. The programming languages which
are generally ava11ab1e, for the student's use, are FORTRAN,
BASIC, FOCAL*or an assembly language for that machine. The
1neff1c1ency of the single-user system arises because of the-
inherent slowness of the teletypewriter, which is used as
the primary communications (1nnut/output) device, as compared
to the high speed processing capability of the minicomputer.
The teletypewriter can operate at a maximum rate of 10 cps
(characters per second) which is many hundreds of times slower
than the typical minicomputer. To input the FORTRAN, BASIC
or assembler system into the computer may require as much

as 10-12 minutes using the teletypewriter's paper-tape reader.
This step may be required more than once during a computer
session, especially when using the FORTRAN or assembly lang-
uage system. The student, who may have previously punched
his program on paper- tape, on an off-Tine teletypewriter,
must still spend a minimum of 15-20 minutes at the computer

* FﬁﬁAL - is a registered Trademark of D1g1taT Equ1pment Corporat1on
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in solving his problem. The addition of a high speed paper-
tape reader (300 cps) has helped to improve the efficiency
of these systems. However, students will then require the
availability of off-line teletypewriters to prepare their
programs. Paner-tape handling, itself, can become somewhat
of a nuisance. A single-user system, as described, can
usually process from 25 to 35 student prohlem- nrograms pevr

day.

- Single-user batch systems can provide in denth comnuter
training and "hands-on" experience for the student. To the
student it is both challenging and exciting to see exactly
what the computer is doing, to be able to start and stop
it, and to examine and/or alter the value of any register
or memory location. By being in such intimate contact with
the computer, the student develops a level of understanding
he could not otherwise attain. In addition, there generally
exists a user library of previously written programs which
can only be run on a single-user batch system.

b) Multiuser System

A typical multiuser system will consist of a minicomputer
with either 8,196 or 12,288 core memory locations, from 2

to 4 te]etypewr1ters and special equinment to connect the
several teletypewriters to the computer. Multiuser systems
generally cost between $18,000 and $25,000. A1l of the
multiuser systems, currently available, have only single
language capability, primarily BASIC. Multiuser systems

behave as a very limited time-sharina system. The student

user must enter his program at the teletypnewriter terminal
(from either the keyboard or the attached paper-tape reader)
‘at each se5510n, since there is no provision for the storage
programs with in the computer system. This means that a
student who begins a program must punch his program onto
paper-tape at the end of his session. The next time he is
ready to work on that program he must read in the paner-tane.
If he has made any program changes or corrections he must

again punch a paper-tape copy of his program at his terminal.
As with the other terminal oriented approaches, the student
will requ1re a minimum of 20 minutes to make meaningful

headway in solving his problems. =~ The program space avail-
able to each user is also limited by the size of the memory

and the number of ‘users which must share it. This is generally
not a problem with beginning students, but it can be a restraint
when students attempt advanced prob]ems Programs with .up

to 50 statements should present no difficulty. Another

point which will affect terminal availability is how the multi-
user programming system is loaded. From time-to-tinme the
multiuser system will "crash" or fail; this will vary. from
once every two days to several times a day, depending on a

\‘lr‘ . . ‘ _,8!?
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variety of circumstances. To reload the multiuser program
system from a teletypewriter's paper-tane reader {(cps 10)
requires from 15 to 20 minutes. During this time all

the terminals are unavailable. A high speed naper tape
reader (about $3,000) will reduce reloadina time to about

one minute.

A multiuser system can accommodate more students than a
single user batch system and nrovides greater economies
than commercial time-sharing or a small scale time-sharina
system. The level of computer expertise, on the part of
the school staff, required to sunport and maintain a
multiuser system is much less than for a small scale
time-sharing system. A multiuser system can also operate
as a single-user batch system to provide advanced stu-
dents with assembly language and "hands-on" experience.

The multiuser system can provide a reasonable compromise
between time-sharing's ability to handle several students
with a single language and a single-user batch system's
greater versatility but limited student handling capacity.




Objective

The purpose of this investigation is to develon a set of general
specifications or descrintinns for low-cost comnuting systems which
will have greater processing capacity than the computing resturces
presently employed. The inireased processing canacity will permit more
students to have access to the computing facility. In develoning con-
figurations for low-cost computer systems, a strong effort has been
- made to make the computer system as modular as possible. This was
done so that .a school could start with a modest investment and then
expand as their exnerience and needs grew. Each step in the modular
expansion would provide an increase in the number of student programs
. processed by the computer system. Another objective was to keep the
cost of the expanded system to about $25,000 while still providing
a highly effective computer system. The goal is to be achieved by
integratina suitahle low-cost peripheral equinment, which has recently
become available with a suitable minicomnuter. In selecting equipment
it is recognized that secondary schools, generally, have no engineering
expertise and very little, if any, nrofessional programming experiance.
Thus any enquinment considered, must be easily integrated with a pre-
viously chosen computer. Every effort was made to choose equipment
with the greatest reliability commesurate with cost and performance.

In most schools, a single computer system will have to satisfy a -
variety of educational roles. Hence, the ccimnuter systems were devel-
oped to satisfy as many educational functions as nossible with an over-
all consideration to processing as manv student nprograms as possible.

Although the major goal is to design low cost computina system
configurations with the capability to process large numbers of student
programs, they will also permit the support of some administrative
work. Only simple administrative tasks, as attendance statistics
should be attempted. Large data processing tasks are Tikely to tie
up the minicomputer and thus defeat the entire purpose - that of having
a computer system which has a high availability for student use. The
specifications and configurations developed in this study are intended
to serve only s a guide for those planning tc introduce computers into
their schools. For those schools which already have an educational
computer system, this study can also be used in planning for future
expansions. Although manufacturers are named and approximate prices
are given, it is not the intention of this report to endorse or recom-
mend any specific manufacturer or specific equipment. It should be
borne in mind that computer technology is arapidly developing and
‘highly competitive field. The price and equipment availability picture
is 1ikely to change in six months or a year. The general trend, however;
is for prices to drop and for a greater variety of equipment to hecome
available. Computers and/or equipment which were not considered sujtable
e.qg. because they lacked adequate software such as a BASIC or a FQRTRAN
system at the present time- ~(December 1970), could become a suitable
" choice in the future. ‘ -

- 10 -
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Method and Approach
I. Background to Survey

The minicemputer has experienced an almost exnlosive growth in the
last half of a decade. When the Digital Equinment Corporation (DEC)
introduced the PDP-8 at $18.,000 in 1965 and the PDP-8/s at $10,000 1in
1966, they were virtually alone as manufacturers of Tow cost minicom-
puters. Within the next two years, DEC was joined by several other
manufacturers of minicomputers. During this period, the principal
use of minicomputers was to be found in industrial, engineering and
scientific applications. Iu these areas the minicomputer furictioned
as a special purpose digital computer or controller rather than a gen-
eral purpose computational tool. Even today, the vast majority of
computers are to be found in industrial environments and in special
purpose applications. It was not until about 1957-1968 that the mini-
computer gained general acceptance as a computational tool. This was
largely brought about by the availability of high level programming
languages such as FORTRAN for minicomputers. Although minicomputers
could not compete with larger computers in large scale scientific cal-
culations, they could do small laboratory and engineering design cal-
culations. Quite often they became a researcher's “"private" computer.

* As the acceptance of minicomputers grew, so did the number of
manufacturers. By 1969-1970 there were over fifty manufacturers in
the United States who offer some 65-pilus different models of com-
puters selling for under $14,000 with many selling for less than $10,000.
Technically speaking, they are all general purnose computers, however,
some have been designed to be marketed in special application areas
such as in communications or industrial process control. This is often
a factor in determining a manufacturer's attitude toward providing
service, maintenance, and software support. These are the basic
services which are the very minimum that any high school would require.

Prior to 1966 only a few secondary schools could afford a computer
of their own and then they were usually private schools. In 1967-1968
several large projects were undertaken to introduce computer concepts
into the secondary educational program. Project LOCAL in Massachusetts,
the Huntington Project in New York and the Computer Instruction Net-
work in Oregon are but a few of the many programs initiated throughout
the nation. Most of these programs utilized a commercial time-sharing
service or purchased one of the PDP-8 family of. computers (PDP-8,
PDP-8/s, PDP-8/i, PDP-8/1). At that time-choosing a minicomputer was
a relatively simple task. A member of the PDP-8 family was the only
logical choice at the time. HNowadays the choce is somewhat more complex
in that there are so many more minicomputers to choose from. Some will
make excellent educational computing systems while others could prove
to be a waste of money. '

Another area which has important imnlications for low cost educa-
tional computing systems is. the availability of peripheral equipment.
- Peripheral equipment consists of such devices as punched-card cardreaders,
printers, auxiliary storage disks, magnetic tape drives and cassette tape
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storage systems. Perinheral equipment is used to communicate, both
jnput and output, with the computer. It is this kind of utilization of

peripheral equipment which permits the computer to Drocess large numbers
of programs and great volumes of data. Without the nroper neripheral
equipment it would be impossible to realize the full potential and capa-
bilities of the modern digital combuter. Traditionally peripheral eauin-
ment has almost always cost more than a minicomnuter itself. Because

of the pbrohibitively high cost of perioheral equinpment, secondary schools
were 1imited to using the teletynewriter or at best a high speed paper-
tape reader/nunch as the input/output device for their minicomputer,

Until recently (late 1969) there has been little in the way of low
cost peripheral eguipment for the minicomnuter. However, in these last
few years there has been a rapid growth in the availability and variety
of peripheral equipment for the minicomputer. This growth has been in
part. due to technological developments and in part to the widespread
acceptance of the minicomputer. The availability of low cost peripheral
equipment permits greater effective use of the inherent processing capa-
bilities of the minicomputer. The educational computer system in the
secondary school, utilizing low cost peripheral equipment, will be able
to process many more student problem-programs than it could using the

teletypewriter alone.

An extensive survey and investigation of the minicomputer and
peripheral equipment market was undertaken to determine what suijtable
equipment is currently available. The survev was conducted in two
major parts. The first part consisted of determining which of the
minicomputers has suitable characteristics for a low cost educatichal
computing system. How this determination was made will be discussed
shortly. ‘The second part was essentially a search for suitable low
cost peripheral equipment which could be easily integrated with a
minicomputer to attain the desired goals. Perinheral equipment forms
the input-output interface between the students and the comnuter.
Hence, it was guite natural to examine the media used in input-output
together with the devices with the view of improving the student-computer
interface. This phase of the survey will he discussed later.

1I. Survey Criteria

To determine what minicomputers were currently available some
forty-six (46) minicomputer manufacturers were contacted-and infor-
mation concerning their computers was requested.

The information requested covered the following three categories:

I. Hardware - _ 7
1. Programmers reference manual, computer specifications
and I/0 interface specifications.

2. Peripheral equipment available from manufacturer
and the OEM vendor. ' '

3. Price list.

14
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II. Sof*tware -

1. Reference manuals for manufacturer sunnlied
assemblers, high-level languages (BASIC, FORTRAHN,
ALGOL), editors and utilitv packaaes.

2. Availability of basic support routines and application
programs.

3. Peripheral equipment software support,

IIT. Miscellaneous -
1. Availability of field service and maintenance.

2. Existence of a users groun and/or educational
users group.

Appendix A 1ists most of the minicomputers reviewed together with
the manufacturer's name and address. Several manufacturers and/or their
minicomputers are not listed for cne of a number of reasons. These
include withdrawal Trom the market, inadequate documentation, and com-
puters designed for special or limited purpose applications. Mini-
computer manufacturers vary widely on how they arrive at the prices
they quote. Some basis was necessary even for a crude comparison of
relative costs. The basis chosen is a "minimum usable configuration,"
cons15t1nq of the manufacturers standard general-nurpose central proc-
essing unit, 4096 words of core memory and a teletypewriter, model
ASR-33, interfaced to the CPU. The minimum configuration will permit
the use of the manufacturer's assembler, editor and several other
small utility nrograms in nearly every case. With few exceptions, most
high level languages required at least 8192 storage locations and some
required 12K storage.

The hardware, software and miscellaneous information, as sunnlied
by the manufacturers, was evaluated against four major areas of charac-
teristics. These four areas served to eliminate those machines which
would make them unsuitable in an educational environment. The four
areas of characteristics considered are:

1. Design architecture and operation characteristics.

2. High-level language availability,

3. Peripherals available, modularity and ease of expans1on
4. Price and service availability.

From the computer descriptions and programmer reference manuals
it became evident that some computers were designed for purposes other
than as a general purpose computer Computers such as Motorola's ™
MDP-1000 or Texas Instrument's TI-960 were primarily designed for the
communications market. Those computers which were primarily designed’
for special markets were eliminated from further consideration, unless
they had some other outstanding CharaCtPrT%tTCS Computers, such as
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Compiler System's CSI-16 and Viatron's 2140 and 2150, were eliminated
since they are not really in production. Furthermore, secondary
schools should stay away from comnuters which are new or which have
only a relatively small number {25-50) of installations. It may he
very exciting to have a newly designed machine, hut it is more likely
that you will have problems. Discovering enaineerina and desian
faults as well as suffering with software inadequacies is no joy and
it will severely hamper any educational nroaram.

THe availability of service and maintenance was considered

Even the most reliable of computers will fail from time-to-time.
Peripheral equinment is even more prone to failure than the computer
itself. It is neither 1ikely nor wise for the secondary school to
undertake the sole responsibility for the maintenance of the comnuter
system by themselves. Therefore e further eliminated those manu-
facturers that did not have adequate maintenance and service facilities.
Companies such as Datamate Computer Systems, Sniras Systems, Foto-Mem, Inc
did not have the adequate service facilities that would be required to
support an educational comnuting facility. Some manufacturers have
arrangements with national service organizations, such as RCA, General
Electric or other independent service companies to provide service

and maintenance on a contract basis. It is generally better to obtain
maintenance from the manufacturer himself whenever possible. However,
for some remote communities, obtaining maintenance through a national
service organization may have to do.In this case it is best to choose

a computer with which the service organization already has local ex-
perience. Before selecting a computer, it is most important to

be certain of adequate service and of the costs involved.

Next, computers were compared against their minimum system costs.
It was found that most computers costing $12,0NN or less were more
than adequate. Those computers which cost more than $12,000 did not
offer significant advantages. A case in point is Hewlett-Packard's
2116C and the 2114C at $22,000 and $10,5N0 (minimum systems cost)
respectively. The HP2116C is only slightly faster and nermits a greater
number of options than does the HP2114C. For the most part those options

- would not be used in an educational environment. Since both comouters

are otherwise identical, and will run the same programs, there does
not seem to be any significant advantage in the HP2116C over the
HP2114C. Thus computers with a minimum system cost of over §12,000
were also eliminated from further consideration. :

- 14 -

i6



Another major criterion was the availability of a high Tevel
language such as BASIC, FORTRAN, or ALGOL. From the software infor-
mation supplied by the manufacturers we eliminated those computers
which did not have at least one hiah level language. BASIC was
considered the preferred language since it has gained widespread accep=
tance, especially at the secondary school level. Although more mini-
computers had a FORTRAM compiler than had BASIC, FORTRAN was con-
sidered somewhat less desirable. This is because a great deal of cur-
riculum materials has been developed around BASIC. It would be diffi-
cult to use such materials as the CAMP* series with a FORTRAN compniler.
There is also a very important orerational advantage to BASIC aver
FORTRAN. The BASIC system is an internreter, hence it remains intact
during the execution of a program and does not have to be reloaded
for each program. On the other hand, FORTRAN is a compiler and re-
quires reloading after a program has been executed. Reloading the
FORTRAN system can be a time consuming process unless a high speed
peripheral device is avajlable. The only computer with an inter-
pretive version of the FORTRAN system is Interdata's I4 which is
designed to be used in a multiuser system. However, whether one needs
BASIC or FORTRAMN or both should really depend upon the nature of the
educational program. It should also be mentioned that some secondary
schools which have a PDP-8 family computer find FOCAL nreferable to
either BASIC or FORTRAN,

Mone of the manufacturers has a high level language spc ~ifically
for business data processing. However, BASIC is quite accep =»le for
many businesses and commercial types of problems. Varian Data Machines
claims to have a RPG-IV (Report Generator) but no information cor
manuals were available at the time this report was written. R~G is
used in business and commercial problems.

The input-output structure of the remaining minicomputers was
reviewed and found to be quite similar. Digital Equipment Corpora*:on
has adopted a unified bus architecture for their PDP-8/e and PDP |
minicomputers. This design approach should make for cheaper interfaces
and control logic for peripheral devices. Hewlett-Packard has also
made it relatively convenient to interface to their computer (HP-2114C)
by providing a number of I/0 slots. Although the different minicomnuters
varied in the nature of their interrupt structure, they were all suf-
ficient to handle the input-output requirements of any educaticnal com-
puting system. '

The neripheral equipment offered by the various manufacturers were
of the same basic tynes. The perinherals generally listed include

*CAMP - Computer Assisted Mathematics Program. A series of secondary
school mathematics enrichment texts utilizing the BASIC pro-
gramming language. The series is published by Scott, Foresman
and Company. :
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additional memory units, high speed panper-tape reader and punch, mag-
netic tape units, magnetic disk storage units, punch card readers,
teletypewriters, line printers and data communication controllers

(for data-sets). In addition,all of the manufacturers offered a va-
riety of equipment intended for industrial and scientific apnlications
which have 1ittle application in an educational computing system. HNot
surnrisingly, the prices did not differ greatly for similar types of
equipment. The greatest price variations, besides the comnuter itself,
were in the computer related options. Hardware multiply and divide
jnstructions are not usually included in the standard minicomnuter
(except for the Westinghouse 2500). The addition of the hardware
multiply/divide feature ranged from a low $350 in the Interdata 14
to $2500 for Lockheed's MAC-16jr and Unicomn's COMP-1€. In the
Hewlett-Packard's 2114C a multiply/divide feature does not apnear
to be available. When hardware multinly/divide is not available, mul-
tiplication and division is done through software, i.e. mrogram sub-
routines. Although software multiply/divide takes more time than
hardware multiply/divide, this does not anpear to be much of a problem
for student type programs. In fact, most manufacturer's FORTRAN and
BASIC systems assume that hardware multiply/divide does not exist.
Another area in which there was a surprisinc variation in prices was
in additional memory units. Hewlett Packard's price for an additional
4096 words of 16 bits each was $4500. This seems disproportionately
high to the rest of the manufacturers, esngcia]?y considering that it
is a relatively slow 1.6 microseconds (107° seconds).

III. Observations on the Selected Minicomputers

The minicomputers which were judged by the above criteria to be
suitable for use in a secondary school educational computina system
are indicated by an asterisk following the model designation in
Appendix A. Some general observation of these computers are in order

“at this point.

1. Word size: All of the recommended minicomputers have a word
size of 16 bits with the exception of the PDP-8/e, which has
a word size of 12 bits. The smaller word size is of Tittle
importance in an educational computer. This is especially
true when a high level language, such as FORTRAN, BASIC or
FOCAL is used. - .

2. MNumber of instructions: The number of instructions which
a given computer has is also not very important in an. edu-
cational computer. Overall they have about the same basic
computer instructions. - Some comoutars are more efficient
for certain kinds of problems than others, but this doesn't
really matter for most student problems.

- 16 -

18



3. Cycle time: The basic speed of the comnuter is a yardstick
often used by computer salesmen in comparing computers.
Speed may be of primary concern in an industrial anplication,
but in the secondary school environment it is of less con-
cern. A well wyitten BASIC system on a slow computer will
perform better than a poorly written BASIC on a faster computer.

4. FEducational institution support: Only Digital Ecuipment
Corporation and Hewlett Packard have made formal cornorate
commitments to the secondary school educational market.
Data General also appears to have some orientation-toward
the educational market.

5. Third generation: computer salesmen use the term "third
generation" to mean several thinas. A1l of the recommended
minicomputers are of third generaticn technoloay, integrated
circuits. "Third genera=ion" is also used to allude to
IBM-1ike design. However, of all the minicomnuters, only
the Interdata 14 resemhles the IBM 360 series in design
philosophy.

6. Equinment costs: A1l peripheral equipment devices will
require controliers, a separate electrical power supply,
connecting cables and cabinetry. Be sure to ohtain
complete costs when planning a computer system.

7. Software support for peripherals: A1l the manufacturers
supbply basic software supnort for the peripherals they
sell. However, one should be certain that there is suf-
ficient support for the intended use of the peripheral
device. For =xample, a junior college was sold a mini-
computer and a magnetic disk storage unit. There was
insufficient software for the school to utilize the disk
in its computer education program.

8. Semiconductor memories: Semicondoctor memories are a new
development and are meant as a replacement of core memories.
Besides their being more expensive, semiconductor memories
have another characteristic which makes them less than
desirable in an educational environment. When lhe computer
is shut off, all of the nrograms (i.e. bootstran Tloader,
Joaders or the BASIC interpreter) stored in a semiconductor
memory are lost. Core memories generally retain information
stored in them even when the computer is shut down.




V. Peripheral Equipment, General

Investigating the low cost peripheral market was somewhat more
difficult than the minicomnuter market. Peripheral equinment man-
ufacturers are oriented toward and prefer to deal with the computer
manufacturers, manufacturer representatives and enyineering firms
specializing in custom designed comnuter systems (sometimes referred
to as system houses). Peripheral equipment manufacturers generally
do not provide an interface to a minicomputer. Most peripheral
manufacturers will rely on computer manufacturers or system houses
to design and manufacture controllers for their peripheral devices.
Even when controllers and interfaces are available for a given
minicomputer, the only software to support the peripheral device
may be diagnostic programs. A peripnheral device will require a
different interface and software package for each minicomputer.
Therefaore, peripheral equipment manufacturers usually leave the
design and manufacture of interfaces and software programs to the
computer manufacturers and to system houses.

The peripheral equipment survey was in two broad categories. !
The first category included those devices which are directly involved ;
in student interaction. This category includes paper tape handling :
devices, printers and card readers. The second category includes
bulk storage devices such as magnetic disk, drum, and tape storage
devices. The computer manufacturers as a whole, offered nearly
the same types of equipment at roughly the same prices for equivalent
equipment. Since the computer manufacturers reily on peripheral equip-
ment manufacturers for the devices they offer, it was not surorising
that a number of computer manufacturers offered the same devices, .
e.g. printers manufactured by Data Products, Inc. Only three comnuter i
manufacturers offer peripherals of their own design and manufacture. i
Digital Equipment Corporation (DEC} offers DECtabes, DECdisk and
DECwriter for their PDP-8 series and PDP-11/20 computers. DECtape
is a proprietary magnetic tape system utilizing 4 inch diameter reels
of 3/4 inch wide magnetic tape. DiECtape has been available for DEC
computers for about 5 years and appears to be highly reliable and
relatively low in cost when compared to other magnetic tane systems.
DECdisk is a small system comparable with other disk systems. The
DECwriter is a teletypewriter-like device which prints at 30 characters
per second. It appears to be an attractive alternative to Teletype
Corporation's KSR-35, a heavy duty teletypewriter (see glossary), at
least for the DEC PDP computer systems. Hewlett-Packard also manufactures
-and markets sense card readers which are interfaced to the HP2114C
computer. Interdata has designed and manufactures a magnetic tape 7
cassette system, called INTERTAPE, which is interfaced to their 4 mini-
computer.

A i, A et A T3 S5
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~ In considering any piece of peripheral equipment for inclusion
in an ‘educational computer system several points must be taken into
account. We must be concerned with how it will be used in the educa-
tional computing environment, that is, what purpose will it serve.
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We must also consider what additional hardware is necessary, whether
the manufacturer can supply adequate software and who will provide
maintenance. An actual case history will serve to indicate why these
questions are important.

An educational institution was given a grant to purchase a mini-
computer system. They choose one -of the minicomputers, included in
our recommended list, with 12K words of core memory and communications
hardware to support a four terminal multiuser BASIC system. In addit-
jon, they ourchased a 262K word disk storage svstam from the comouter
manufacturer. The thought was to run the manufacturers disk-operating
system (a supervisory program) to reload the multiuser system from
the disk when required, to keep program files from the multiuser BASIC
system and to run the manufacturer's FORTRAN comniler. After the
allocated funds were sbent and the system was delivered it was found
that the disk could not be used after all. The multiuser BASIC system
did not subport program files on disk. There was no software available
to load the multiuser system from disk and the manufacturer's disk oper-
ating system required 16K words of core memory to be used at all. The
net result i3 that the disk storage device is unused at present.

When planning for peripheral equioment it is important to hear
in mind why and how the peripheral equinrment is to be used in the
educational computer environment. Despite the best reoresentations
of the computer manufacturer's salesmen, it is best to be skeptical
and take a 'show me first' attitude. The purchase contract should
briefly indicate how the peripheral is to be used and what software
support is expected of the manufacturer. This approach should also
be used when purchasing from a peripherai manufacturer.

Consideration can now be given to which peripherals and under what
circumstances they should be purchased from the computer manufacturer
or from an independent equipment manufacturer. In general it is ad-
visable to obtain peripheral equipment from the computer manufacturer
except when there is a substantial price differential or when the
computer manufacturer does not offer tyne of peripheral. The reason
for this advice is as follows:

1) The computer manufacturer has equipment made to his specifi-
cations and he is responsible for it's quality.

2) The computer manufacturer has to make the pericheral work
with his computer. Manufacturers often make subtle modifi-
cations to the original perinheral.

3) The computer manufacturer is in the bést position to supply
adequate software for utilization of the neripheraT,equip-

“ment. The manufacturer can also be pressed for any additional
software support for the peripheral device. ’
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4) The comnuter manufacturer is obligated to nrovide mainten-
ance service for all his equirment. He cannot shift the
hlame to someone else when some eauinment fails to function
as snecified.

Members of the comnuter users aroun are likelv to contribute
programs and routines for the manufacturer's line of peripherals.

(921
ot

V. Disks

A11 the comnuter manufacturers of the recommended computers have
a broad line of disk storage devices to choose from. Although there
are a number of independent equipment manufacturers who offer very
attractive disk-systems, this author believes that it is still best
to obtain the systems through the computer manufacturer. This is
especially true for the secondary school with it's 1imited engineering
and programming experience. Disks are among the more difficult de-
vices to program for. Therefore, the educational institution should
depend upon the programming resources of the manufacturer to provide
the disk software. Once again we stress the need for plamners of an
educational comouting system to be certain that the comouter manufac-
turer has adequate software to utilize the disk storage device in the
intended manner, and that the planned computer configuration will
support both the disk and it's software.

Disk storage systems, generally are either fixed head with a non-
removable storage media or a moving head with removable storage media
(referred. to as disk pack or disk cartridge). The latter nrovides for
a more flexible and expandable storage svstem. Moving head disk de-
vices, however, may require greater maintenance service than fixed
head devices, since they incorporate electro-mechanical head nositioners.
Advancing technology has made them considerahlv more reliable than they
have been in the past. The most common disk cartridge in use with
minicomputers is the IBM 2315 disk cartridge. Although IBM 2315 disk
cartridges may be physically interchanged between disk drives of dif-

ferent manufacturers, the recorded information generally is not.

This author has chosen not to list any of the independent disk
manufacturers or systems houses offering disk systems because of
their uncertain software support and maintenance. One last point
should be made with regard to systems houses. While they may supply
disks, controllers, and interfaces and may claim "plug-to-plug com-
patibility", it is possible that their disks may not be software
compatible with the computer manufacturers software or disk operating
system. In some cases, a computer manufacturer can be persuaded to
provide a disk system not normally in his equinment list.-

VI. Magnetic Tapes
The IBM compatible mégnetic tane storage devices do not ahheér
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to be especially attractive for a lTow cost educational comnuter system.
The major use of IBM compatible magnetic tape in an educational comouter
system has been to transfer data from the smaller computer to a larger
data processing facility. This has been primarily in the area of ad-
ministrative data pbrocessing. Another use for magnetic tane storage
devices has been to reload programming systems from magnetic tape
rather than from paper tape. However, this latter use can be accom-
plished by cassette and cartridge magnetic tape systems at lower cost
and with greater convenience. Cassette and cartridge magnetic tane
systems will be discussed shortly. IBM-compatible magnetic tape device
shouTd also be purchased from the computer-manufacturer for very much
the same reasons already stated for disk storage devices.

VII. Cassette Tape Systems

Cassette and cartridge magnetic tape storage systems nrovide
many interesting possibilities for the low cost educational computer
system. For purposes of this report I will also include Digital
Equipment Corporation's DECtape system with the cassette and cartridge
systems. Appendix C lists those manufacturers of cassette cr car-
tridge storage devices who provide both computer interfaces and sw-
porting software. Although interfaces exist for other computers,
interfaces generally do not have supporting software and hence are not
noted in Appendix C. DICOM, SYKES and Tri-Data provide maintenance
and service directly or through a sales/service representative.
Digital Equipment will also provide maintenance for the Tennecomp
TP-1351. Tri-data and Tennecomp use proprietary cartridge designs.
Additional cartridges of tape are available only from the manufacturers.
Dicom, Interdata and Sykes use a standard Philins type cassette but
of computer quality. These cassettes are available from the device
manufacturers or from a number of independent sources.

Magnetic tape cassette/cartridge systems can be used as a high
speed substitute for paper-tape or as a Tow cost replacement for the
standard magnetic tape transport. In the simplest applications, the
cassette storage system would be used to load in the BASIC or FORTRAN
system. This can represent a significant savings in time, over the
use of a paper-tape reader. For examnle, to load the BASIC interpreter
from a teletype paper-tape reader would require about 13 minutes.

Using a high speed paper-tape reader would require about a half minute.
A cassette storage device would require about 15 seconds. The cassette
would reduce the amount of paper-tape handling. The cassette could also
be used to store BASIC programs for later use. Here again, the computer
system planner must make sure that the cassette manufacturer has ade-
quate software to support this kind of use on the selected computer.

A more sophisticated application would employ multinle cassette trans-
ports. One cassette would contain all the system software including, say,
" a FORTRAN compiler. The user would load in the FORTRAN compiler from
the systems cassette, read in his FORTRAN program from the teletype-
writer, and compile his program onto another cassette in hinary form.
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The binary program would then be loaded into.the computer and executed.
The multiple cassette transports could be used in applications requir-
ing updating sort/merging of data files. This could all be done more
or less semi-automatically assuming an onerating system existed for
the computer-cassette combination. Such an operating system does in-
deed exist for Interdata I4-Intertape, and for the Dicom - Hewlett
Packard 2114, Data General NOVA 1200/800, DEC PDP-8 series and for
DECtape - PDP-8 under the PS/8 DECtane monitor system. The cassette/
cartridge ‘magnetic tape storage devices integrated with a minicomputer
can provide a low-cost computing system for the educational environment.
Some useful configurations will be indicated together with approximate

costs.

VIII. Input devices - Mark Sense Readers

, The next areas of concern are the devices and media used by the
students to communicate with the computer. For minicomputers this has
traditionally been the teletypewriter and paper-tape. This is the

usual situation whether the minicomputer is operated as a single-user,
multiuser, or time-sharing system. The teletypnewriter, still remains
the Towest cost input-output device for the minicomputer although it

is not the most efficient. The teletypewriter, because of its slow
.10 characters per second speed, is inefficient in terms of the computer's
speed and also in terms of student's utilization. The Timitations im-
posed by the use of a teletypewriter on comnuter resources was discussed
earlier in this report (see part A, sections II- V). High speed paner-
tape readers (200-300 characters per second) and offline teletypewriters
do help to increase the number of student problems processed hy the
minicomputer system. These high speed paner-tane readers are available
from the computer manufacturer at a reasonable price. However, offline
preparation of programs still leaves much to be desired. Typing errors
are difficult to correct. These errors must he corrected by copying

and repunching, by "scissors and paste,” offline, or hy use of an
interactive editor at the computer, online. This is in contrast to the
ease in using the punched card in programming for the larger machines.
It is relatively easy to repunch and correct a card. However, the use
of punched cards, generally, entails the use of an exnensive card reader
and the rental or purchase of key-punching equipment. Recent advances
in technology has led to lower cost card readers suitable for use with
minicomputers. These-card readers are designed to read cards (and input
them to the computer) at the rate of 150-200 cards ner minute. Key-
punching equipment has three drawbacks. They are a recurring expense;
~ they require maintenance; and most importantly, students must have

physical access to them in order to punch their programs. The devel-
opment of the mark sense card reader obviates all three disadvantages

in the use of a card reader with a minicomputer system. The mark

sense card reader has a number of distinct advantages over other forms
-of input to the computer, in an educational environment. The mark

sense card reader permits input speeds compnatible with the processing
speed. of modern minicomputers. The student can do his "programming"



almost anywhere by marking his cards with a soft lead pencil. The
student can edit and correct his program using an eraser and pencil.
Corrections can be made as easily as erasing the unwanted marks and
adding new ones. Mark sense cards are designed so that the student
can easily mark the proner codes for letter., numerals and special
symbols. Unlike paber tape, the student can easily read the mark
sense card and visually verify what he has recorded on the cards.
Mark sense cards can also be punched, if some keypunch trainino is
desired, and read by the mark sense cardreader provided certain
restrictions are met. Mark sense cards can be designed for efficient.
use with a particular programming language such as BASIC or FORTRAN.

Appendix D illustrates some typical examples of unmarked and
marked cards. Several other standard card forms exist and are
available from the computer and/or card reader manufacturer. The

Motorola MDR mark sense reader can also read page size forms with
the mark sense information along the side edge. This can be extremely

useful in-test and questionnaire processing since the answer form
can be a part of the test or questionnaire.

In addition to the above uses, mark sense cards can also be
designed for testing and questionnaire scoring. Attendance reporting,
grading, class ranking, registration and other administrative functions
can be automated. In this connection, it should be pointed out that
mark sense cards can be partially punched and partially marked. The
classroom teacher can be given a set of cards with the student names
prepunched on the cards. The teacher would then mark sense the
required information such as attendance or grades. Programs, of
course, would have to be written to process the cards.

Appendix E lists the four most widely used Tow-cost mark sense
card readers. Digital Equipment Cornoration is also listed, although
they do not manufacture the mark sense card reader offered. They in
fact use the card reader manufactured by GDI. If a comnuter manufacturer
does not offer a mark sense card reader, he can usually be convinced
to provide one of the first three card readers listed, together with a
suitable interface. The interface should cost between $800 and $1500.
The mark sense reader and -interface should be program compatible with
the computer manufacturer's punched-card card reader so that existing
software can be utilized. The principles by which the mark sense card
reader operates, the use of reflective and non-reflective inks, etc.,
is best left to the manufacturer's Titerature (see appendix E for names
and addresses).

Digital Equipment Corporation and Hewlett Packard have recognized

the many virtues of mark sense cards. Both have recently developed edu-
cational computer systems around the mark sense card.
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IX. Nutput Devices - Printers

For minicomputers the standard output device has been the
teletypewriter. As an output device, the slow sneed of the tele-
typewriter is a greater limitation on the computer system than as an
input device. The amount of information to bhe output, generally
exceeds the input information. The information output of a mini-
computer system will depend on it's mode of operation. In the single-
user batch mode, the output may consist of binary information, punched
on paper-tape, as well as alphanumeric characters to be printed. In
the multiuser mode, all information between the users and the comnuter
is information to be printed. In the case of input, high speed paper-
tape readers are available at a reasonable cost. Although paper-tape
readers can operate reliably at 300 characters per second, the fastest
paper-tape punch, generally available, will operate at only 60 char-
acters per second. The speed of paper tape punches is quite adequate
for the Binary information, but teletypewriter printing speeds 1imit
the processing capacity of a minicomputer system.

High speed paper-tape punches are available from the computer man-
ufacturer and are often combined with a high speed paper-tape reader.
The reader-punch combination will often cost less than when pur-
chased as individually units. Since the high speed paper-tape punch
is adequate at handling binary output, this survey concentrated on
devices for printing information. It is in the area of printing
devices, that the greatest variation of technologies and approaches
is to be found. The most popular printer among the computer manufac-
turers appears to be the Data Products printer 2000 series and 4000
series, From the computer manufacturers these printers range in
price from $12,500 to 17,500, depending unon speed, number of print
columns, -and other features.

In surveying the available printing devices four criteria
were established:

1) 300 lines per minute was estahlished as the maximum useful
speed for printers operating with a minicomputer. The
cost of printers is generally proportional to their speed
and Tittle benefit will be gained by faster printers.

2)  $10,000 was established as the absolute maximum cost
for any printing device interfaced to the computer.

3) Reliability - printers are electro-mechanical devices
and have been traditionally the least reliable of the
peripherals. A strong effort was made to identify
. those printing devices which have been designed with a
strong emphasis on reliability or which utilize inhzrently
reliable technology. ' r
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4) Service availability. The manufacturer of the printing
device must be able to provide service nationwide.

Printing devices can be grouned by three characteristics.
Printers which print a single’character at a time or a whole 1ine at a
time. The teletypewriter is the most common example of a character
at a time device. Printers which print a character at a time are
lower in cost as well as low speed, while line printers are higher
in cost and operate at higher speeds. A strip printer, prints
characters on a strip of naper (3/8 - 1/2 inch wide) and page printer
uses paper 8 1/2 inches wide (72 or 80 print columns ) or full width
computer paper 15 inches wide (120-130 nrint columns). Strip printers
are not suitable for an educational environment.

The third characteristic is the type of printing technology employed.
Impact printers strike a print element against a ribbon and the paper.
The print elements may be on a rotating wheel, cylinder, drum, chain
or on an oscillating bar. Non-impact printers use thermographic (heat
sensitive) or electrostatic techniques which generally means specially
treated pabers. Another non-impact nrinter technique is the ink jet.
In this aporoach a jet of ink droplets is squirted onto ordinary paper
to form the characters. MNon-impact printers are generally more reliable
than impact printers. Impact printers can produce multinle carbon conies,
while non-impact printer can only produce one copy. This does not anpear
to be a limitation for the general educational environment. The
specially treated papers used in non-impact printers are fairly expensive.
The ink jet printers are favored by the author because they compine a
moderate speed; an inherently reliable technology; use ordinary paner;
are relatively quiet; have been interfaced to a large number of mini-
computers and are reasonably priced.

A number of the character printers are designed to substitute for
the teletypewriter normally used with the minicomputer. ATl of these
devices cost more than the teletypewriter hut operate substantially
faster and are generally more reliable than the model 33 teletypewriter.

Most of the printing devices listed in APppendix F have been
developed over the last two years. Some of the printer manufacturers,
such as Nortec and Centronics provide a minimum of interface electronics
and rely on large system houses such as Daconics, to interface, sell
and service their printers. Most manufacturers can provide the interface
to the more popular minicomputsrs. Almost all of them have an interface
to the PDP-8. Appendix F does not attempt to list all the printers avail-
able - there are well over 100 different types. Appendix F indicates

the printers which the author feels may best suit an educational computing
system. ’
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Results and Systém Configurations

The evaluation guide lines expressed in the preceeding sections
together with the appendices should he of assistance to anyone planning
to imnlement an educational computer system. As was nointed out early
in this report, the minicomputer industry is characterized by a state
of constant change. The change is in the direction of lower prices,
improved performance and of greater variety in equipment and software,
The equipment selected for the appendices represents what the author
feels to be suitable (and presently availahle) in designing an educa-
tional computing system.

The goal stated in the "objectives" section, was to design a
computer system with a high processina capacity in order to serve
as many students as possible. These computer systems have to be
modular, expansible, and low cost. In this section we will put
all the pieces together to meet our objectives. A1l the computer sys-
tems to be described can serve a variety of purposes, but a few will
have characteristics or software suitable to some very special educa-
tional goals. For example, in a vocational program, one of the goals
might be to teach assembly and machine Tanguage programming skills
which can be transferred to the IBM 360/370 series of computers.
In this situation an Interdata I4 would be a better choice than any
other minicomputer. The I4 is the closest in architecture and struc-
ture to the IBM 360/370 computers. In addition, the computer system
based on the I4 could meet most of the other educational objectives
of the secondary school. For the secondary school desiring to emphasize
commercial data processing, the Varian 621/l configured to support
RPG IV, might be the best choice. Before we present some possible
configurations we can state some specifications and guide lines.

1) . The basic computer should cost under $10,000 excent when
the computer can meet some special educational requirement.

2) The computer must have at least one higher Tlevel Tanguage,
preferably BASIC, in addition to assembly language.

3) The computer manufacturer should be able to provide adequate
maintenance from a nearby service center.

4) The computer manufacturer should previde adequate software
support in order to utilize his equipment.

5) The computer should support a multiuser system as well as
a single-user system.

“We can now present some configurations and show how they can be
expanded to process larger numbers of student programs. For purposes
-of illustrating the configurations and approximate pricing we will
“specify a particular machine. It should be understood that a number
~ of the minicomputers and equipment listed in the appendices could be
- substituted as well. '
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Single-user system also supporting the BASIC language

PDP-8/e
with 4K memory %4990

I ~ Teletypewriter
, ASR Model 33 1500
' — Total $6490

Computer Teletype
with 4096 words ASR Model 33
of Core memory

Figure 1

The computer system illustrated in Figure 1 is the least expensive
system to acquire. It is the most common configuration to be found in
the secondary school environment. In some instances the configuration
may include an 8K memory to permit the use of a FORTRAN compiler. These
computer systems can support 40 to 60 students, per semester, using an
interpretive programming language such as BASIC. If assembly language
or FORTRAN compilers are also used, then 20 to 4N students can be
accommodated. This difference is due to the nature of interpreters and
compilers. Interpreters such as BASIC remain in the computer from
student to student. The time required to load BASIC (about 13 minutes)
is relatively insignificant since it may be done once or twice a day.

On the other hand, assemblers and compilers are reloaded from student

to student. The loading time (akbout 10 minutes) is now a significant
portion of time, and thus fewer students can be accommodated. Figures

7a and 1b illustrates how the computer is utilized with an interpreter

and with a compiler. The addition of an offline teletypewriter would
permit one student to punch his program onto paber-tape while another
student occupied the teletypewriter attached to the computer. The student
would then read in his paper-tape at teletypewriter speed during his
computer session. The addition of the offline teletypewriter would thus
permit more students to be accommodated. A high speed paper-tape reader
or a tape cassette storage system is almost a necessity when using a
FORTRAN compiler or assemblers. Without a high speed paper-tape reader

or a tape cassette storage system, it would be difficult to run more

than a half dozen programs a day. A tape cassette storage device with

a monitor can support 40 to 50 students. Figure 1c illustrates a basic
computer system augumented with a tape cassette storage system and monitor.
The operating characteristics of this system is similar to the operating '
behavior of a disk ‘hased operating system. ' ‘

As students gain programming experience and sophistication, they
will attempt more difficult problems, which will place increasing demands

for computer time. Additional students may.be entering the computer
education program which will make additional demands on the computer
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Computer operation using the BASIC interpreter

Loading BASIC : 10 minutes

Computer can now accept the BASIC Tanguage

.Computer

student A enters program

B

A ' } 20 min. session
student punches
' - copy of program

Computer

student B enters program

S

} 20 min. session

student punches
- | copy of program

student n enters program

o S

20 min. session
student punches

A student may require several sessions to complete a problem.
Between sessions the student may analyze his errors.

Note:

Figure 1a
o | -
ERIC
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Computer operation using the Fortran compiler

Load Fortran compiler pass 1

1 " - : 10 min.
Computer | TTY =71 —

Read Fortran source program : 1 min.

Computer lag—i TTY F:F—-_[::::iii::j::]
- . intermmediate

___{>[i::j:::::::] output

Load Fortran pass 2 : 5 min.

Computer

- and output from
<t--- _ J pass 1

— = ] object program
___{;{::::ii::::i:] output

Load Fortran Operating System

, - ‘ 7 : 5 min.
Computer r’ Y [ “@

7 o - and object prog-
{:%—— ram from pass 2

Execute program and get cutpuf

figure.1b

-29-




Computer operation with a cassette tape monitor for an assembly

tape Tape cassette storage device
- J 7 \cassette

From keyboard call in the Editor
—5 TTY stored on cassette : 15 sec.

=___ Input program and
[ _ save on cassette

2 min.

Computer

From keyboard call in the
TTY Assembler,assemble program
— , stored on cassette-2 passes
2.5 min.

B tape Save object program on cassette
cassette : 8 sec.

;

Call in loader and load object
TTY program and execute.

15 sec.

] - Input data for
<k =~ program(if needed)

|

—_——— - Output Output at TTY

Results




system. If the increased demand can be met using an interpretive
language such as BASIC, we can expand the basic configuration along
the lines of Figure 2.

A Multi-user computer system

Data communications equipment

§ _ — TTY
Computer
4K PDP-8/e with teletype 6490
Additional 4K memory 3000
Data communications for up to 4 TTYs 1000
1-3 additional teletypewriters $1500 @ 1500-4500
Totals
with 2 teletypes 11,900
with 3 teletypes 13,490
with 4 teletypes 14,990

Figure 2

Once additional memory and data communications hardware has been
obtained, up to four teletypes can be added as the need arises. In
some multiuser systems there is a limit to the number of teletypewriters
which can be added, usually four. Other multiuser systems will accommo-
date up to 16 terminals provided sufficient memory capacity is added.
The multiuser system can also operate as a single user system to provide
training in assembly language and FORTRAN. As pointed out in the preced-
ing paragraphs, a high speed paper-tape reader or tape cassette system
would greatly facilitate computer use with assembly language or FORTRAN.
It would be very useful if the users of a multiuser BASIC system could
also save their files on the tape cassette storage system. This would
reduce the need for a student to punch his program on paper-tape at
the end of his computer session. However, at the present moment, no
one seems to have adequate software to perform this task. Each terminal
in a multiuser system should support nc more than about 50 students at
an introductory level where programs will not exceed 25-50 statements.

Another approach which expands on the hasiérsystem of figurevT
utilizes a mark sense (optical) card reader. This is shown in figure 3.
It has potential for high processing capacity. :



Single user computer system and mark sense card reader

Computer l ]
w it th . o - TT?
FK Mewnrory o _

Mark Sense
ford reater

BASIC 4K PDP-8/e with teletype $ 6,490

Additional 4K Memory 3,000

Mark sense card reader 4,900
TOTAL 14,390

Figure 3

The mark sense card reader is utilized for input and the teletypewriter
for printing output. The student, instead of typing or punching his
program at the teletypewriter, would mark sense his program onte the
mark sense cards. This could be done almostanywhere and at any time
prior to approaching the computer. At the computer, the student would
drop his cards into the mark sense reader. The computer would . read

his cards, and a listing of his program together with it's results
would be printed at the teletypewriter. The student could take the
program 1isting and output to his desk, locate his errors and make the
appropriate corrections to his cards. This approach has . a number of
operational advantages. First, the student does not require a keynunch
nor an off-line or online teletypewriter to prepare his programs.
Second, the student nes not tie up a teletypewriter while he is thinking
and correcting his program. Third, correcting a program can be done
with eraser and pencil. Fourth, the problems associated with the
handling of paper-tape is virtually eliminated. Fifth, the information
on a mark sense card can be read by humans with a minimum of effort,

while paper tape is difficult to read and requires knowiedge of the

paper tape punch code.

In an earlier section (C-VIII) we indicated some educational and
administrative uses of mark sense cards. Appendix D illustrates several
samples of mark sense cards as used in some application. Either a general
purpose or special format card can be used for BASIC, FORTRAN or assembly
language. Mark sense card formats can be designed for almost any admin-
jstrative or testing application. In most cases the mark sense card

reader can make use of the same existing software used by the computer

manufacturer's punched-card card reader. Digital Equipment Corporation
and Hewlett-Packard both have BASIC. interpretive systems using mark sense

‘cards. However, any of the other computer manufacturers should be able

to provide the necessary software to support a mark sense card reader.
-32-
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This approach will process programs at relatively high rates of
250 to 400 programs per day. This of course assumes that the programs
are simple (20-50 statements) and the output of each program is limited
to about a page. To handle larger programs (50 to 250+ statements) will
usually require additional memory and/or a disk storage unit with sup-
porting software. However, the primary processing limitation in this
approach is the printing speed of the teletypewriter. Programs can be
processed much faster than the teletypewriter can print the results.
By employing higher speed printing devices the program processing
capacity can be increased. The increase in capacity will be proportional
to the speed of the printing device. Three hundred to four hundred
Tines per minute is the probable upper useful 1imit for educational
systems, Faster printers are very costly, generally less reliable, and
would not increase system performance significantly. Appendix F
lists only those printing devices which operate at speeds faster than
the teletypewriter's 10 characters-per-second.

Figure 4 expands on the basic configuration with a mark sense
card reader (figure 3) by adding a printina device. The printing
device can be a character-at-a-time printer with a keyboard, e.g. DEC's
DECwriter, or without a keyboard, e.g. Litton's ABS model 30, printing
at about 30 characters per second. Or, a higher speed printing device
such as A. B. Dick's Videojet or Potter's LP 3000 printer. Printers
with speeds of 100 to 250 lines per minute will provide about the best
cost to performance ratio.

Single user computer system, mark sense reader and printing device

M;:Lfk' Sense Carﬂpu{: er

Card reader o ws s b VPr,ater'
K r'.'emor‘_q )
TTY
Configuration in figure 3 $ 14,390 3% 14,390
DECwriter 2,850
A.B. Dick Videojet Printer , 8,000
TOTAL $ 17,240 $ 22,390
Figure 4
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As students progress and gain programming experience they will
attempt problems which require more and more output. Thgrte1etypEWr1ter
quickly becomes the system bottleneck. The computer sy@tem§ presented
in figures 1, 2 and 3 will be limited by the teletypewriter's speed.

For example, it will require up to 7 minutes to print a page of output

on a teletypewriter. Using a 30 character-a-second printer, e.q. the .
DECwriter, the time is reduced to about 2 minutes. A Tine pr1nter7§ev1ce,
e.g. LP-3000 reduces the time to print a page to seconds. Thus, using

" a high 'speed printer the system configured in figure 4 shou]drhaqdje

Jarge numbers of student programs. If we include a mixture of”$1@p1e
programming exercises and reasonably comnlex programs 1n_mathemat1cs,
physics, chemistry and statistics this comnuter system should be able

to haridle from 300 to 500 programs a day.

The systems presented in figures 3 and 4 work best with inter-
pretive languages such as BASIC. The BASIC interpreter remains in
the computer's memory from program-to-program. However, assemblers
and compilers, e.g. FORTRAN, must be Toaded into the computer with
each new program. To alleviate the time consuming process of loading
in assemblers and compilers we can add an auxiliary storage device
such as magnetic disks or some form of magnetic tape. Depending on
the computer manufacturer and the peripheral devices selected, it may
be possible to use an operating system. An operating system (sometimes
called a monitor) can improve the overall performance by helping to
automate some of the manual operating functions in addition to loading
the system programs. The computer manufacturers generally tend to-
ward disk operating systems. However, some manufacturers do have
operating systems which will work with either magnetic disks or tapes.
In general, the hardware requirements for disk based operating systems
vary greatly from manufacturer to manufacturer. By way of example,
Digital Equipment's monitor requires a minimum of 8K memory and a
32K word disk, while Data General requires 16K maemory and the 128K
word disk. Figure 5 illustrates an alternative to a disk based
operating system using a cassette storage device and a cassette operating
system.

L AR o N s L
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Computer,Mark Sense Reader,Printer and Three Tape Cassette system

[rMark Sense | & Computer

Printer
Reader

4
tape
ca§§§tt

8 K PDP-8/e with TTY 7 $9500
Potter LP3C00 Printer-135 1pm 4600
GDI Mark Sense Reader 3100
DICOM 3 tape cassette system 6400 -
TOTAL $23,600
figure 5




The computer system in figure 5 is a powerful computer system with
the capacity for handling large numbers of student programs of varying
complexity. It could operate in the following manner provided the soft-
ware is available. One tape cassette will contain all the necessary
"system" softrare, e.g. executive or monitor routines, BASIC, FORTRAN,
assemblers, editors, loaders, input-output programs and any other fre-
quently used programs. The student would place his cards in the mark
sense card reader and type in commands at the teletype. For example,
the student might type in "BASIC" to run a BASIC program. The monitor
would search the cassette containing the system programs for the
BASIC interpreter and load it into the computer's memory. The cards
would then be read, the program run and the results printed out. If
the student wanted to do an assembly he would type ASMB." Since the
assembler requires three passes (or scans) of the source program, the
monitor reads the cards and copies them onto another cassette tape.

The monitor searches for and loads the assembler. The assembler makes
its three passes over the source on the tape cassette. During the

third pass the assembler prints an assembly listing of the program at

the printer's speed. The assembler writes the binary object program onto
another cassette tape. The student then directs the monitor to load

and run his object program. The compidation of a FORTRAN program would
follow a similar procedure. At this point at least two of three tape
cassette transports are available for use by the program in the computer.
For example, students could be asked to perform statistical computations
on data recorded on a tape cassette. Several students can be given the
same problem or variations of the same problem using the same tape
cassette as input data. The tape cassettes can be used to provide realistic
problems in data processing such as sorting and merging of files, file
updating, etc. Since tape cassettes are easily mounted and dismounted,
and are easily locked in a desk drawer, they can be used to keep adminis-
trative records such as grades, test scores, attendance records, etc.,

in complete security. The tape cassettes can be used to store programs
and subroutines which the students can retrieve and use. Student programs
stored on a tape cassette can be edited on the tape until a correct version
is obtained. Thus, an entire class can have all their programs on cne or
two tape cassettes. Program modification under the BASIC system would

be quite simple. The student would call in BASIC, tell it his program's
file name, read in the mark sense correction cards and run his program.
The BASIC statements on the mark sense cards would be merged with the
statements in the student's program, following the normal- BASIC rules,
then the program would be executed with the results appearing on the
printer. The student could direct the monitor to save his new updated
program and delete his old copy.

Although the computer priced in figure 5 is a DEC PDP-8/e, Dicom has
almost identical cassette tape monitor systems for Data General's Nova 1200
and Nova 800 computers and for Hewlett-Packard's HP-21140 computer. Dig-
ital Equipment Corporation also has a monitor system for the PDP-8 computer
" family called PS-8 (Programming System 8}. PS-8 can use either disk or
DECtape. Interdata has a monitor system called 05-Loader which will operate
with Interdata's Intertape cassette storage devices. The card readers,
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printer and cassette tapes permit the computing system to be used in a

realistic manner by simulating and behaving as a large scale computing

system would. This type of a system has many characteristics in common
with larger scale computing installations.

Although any of the computers in Appendix B can be substituted for
the PDP-8/e in figure 5, the Varian 620/L and the Interdata I4 can lead
to systems suitable for commercial and vocational programmer training.

The Varian 620/L will support RPG (Report Program Generator).
Although the 620/L-RPG System requires a card punch in addition to a
card reader and printer, the RPG software can be modified to output the
binary object program on the teletypewriter's paper-tape punch. This
will save the cost of a card punch.

RPG is a widely used business and data processing language. It is
relatively easy to learn, to program in, and to debug. It is available
for almost all of iBM's 360/370 series of machines and on IBM's System 3
computers which are marketed for business applications. Several other
large computer manufacturers, such as Control Data, RCA, and Honeywell
offer RPG on their computers marketed for business data processing. It
is especially useful for those computers which are too small for a
COBOL (COmmon Business Oriented Lanugage) compiler.

Since the Varian 620/L also has the BASIC and FORTRAN Tanguages as
well as RPG it could be a very suitable choice. This would be especially
applicable for those schools which plan to incorporate computer education
for their academic and commercial programs. However, there is still
another approach which can also provide valuable vocational training.
IBM's 360/370 series of computers has been very successful, It would
be most advantageous to provide training on a low-cost compuer system
which would be close to an IBM computer in as many characteristics as
possible. The Interdata Model I4 is very close in design principle and
architecture to IBM's 360 computers. The differences are in word size
(32 bits for the IBM 360 and 16 bits for the 14), base registers, and
storage-to-storage instructions. In the smallest of the IBM 360 computers,
the IBM 360 model 20, the first two differences with the I4 disappear.
Interdata has developed a simulator program for the I4 which will simulate
the IBM 360 model 20. This permits the I4 to run programs written for
the IBM 360 model 20. Thus, IBM's assemblers RPG and tape sort merge
programs can also run on the I4 with it's model 20 simulator. Interdata's
simulator, FORTRAN IV compiler, assembler and operating system could
make for a viable educational computer system, It could be used to
provide computer services for vocational, commercial and academic programs.
By including the mark sense card reader, line printer, and Interdata's
‘Intertape cassette storage devices, the computer system would have suf-
ficient processing capacity to handle large numbers of students. The
changes in figure 5 to reflect this system are as follows:

Computer - Interdata 4 with 8K words and TTY: 13,300
2 Cassette transports - Intertape: . 2,500
or 4 Cassette transports - 2x Intertape: 5,000
L - 37 -
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Using the same card reader and line printer, the system described above
would cost $23,500 with two cassette tape transports or $26,000 for
four cassette tape transports.

Although the computer systems in figures 1 through 5 reflect

some of the ways in which an educational computer system can grow,

they do reflect an orientation toward the batch approach rather than

a time-sharing approach. The batch approach can handle a sufficient

number of student programs and still provide time in which students can

be given "hands-on" experience. The configuration in figure 2 is a

multiuser system. It too can be extended by adding a card reader, line

printer and auxiliary storage devices. Although the hardware inter-

connections are possible, no software is availabe from any of the

manufacturer's for concurrent multiuser and batch operations. However ,

a combined configuration (say figure 2 and figure 4) could be operated

part time as a multiuser system and part time as batch system. The major
_ usk of a multiuser (or time sharing) system which is not available to
“the batch system user is the interactive facility. The interactive

facility is useful in CAI (Computer Aided Instruction) or in game

playing and simulation situations in which student-machine dialogs

take place. In all other aspects, the batch approach can provide for

more efficient utilization of the computer.




Conclusions
In a multiuser system, as in time-sharing, the number of students
which the computer sytem can accommodate during a session depends upon
the number of teletypewriter terminals available. The cost of expanding
beyond four or five users becomes as great as the cost of adding periperal
devices such as card readers. and line printers. A batch or single user
system is capable of accommodating larger number of students during the
same time period. However, the actual number of students handled will
depend more upon how fast programs can be entered into the computer and
how fast they can print out than upon the computers actual speed. Al-
though manufacturers and salesmen often quote memory or computer speed,
it is the combination of computer and software which is of importance.
It is the software, i.e. compilers, assemblers, interpreters, editors,
operating system, loaders, etc., which will determine how useful a
computer system will be. For example, a FORTRAN compiler which does
not have good disgnostics (indication of a programming error) will be
difficult to use effectively especially for the beginning students. A
BASIC interpreter which does not have "string variables" may be a
severe handicap to it's educational utility. BASIC appears to have a
large following in the secondary schools. This is due to it's wide

availability. Through various time-sharing sources and through mini-
computer systems. A good deal of secondary school level materials are
available from a great many sources - ranging from books to simulation
programs available from regional computer education projects. BASIC

is easy to learn and simple to use. It is simple enough to be taught

to elementary school children yet powerful enough to solve many problems
in science and commerce. However, FORTRAN is still favored for scientific
and engineering problems in industrial and university environments.
FORTRAN is a more powerful and flexible Tanguage though niore difficult

to learn and use. ALGOL (Algorithmic Language), though widely used in
Europe, has few followers in the United States, especially at the
secondary school level. FOCAL is a language of considerably greater
power than BASIC. However, it is available only on D.E.C.'s PDP-8

series of computers. RPG is used in business and commercial applications;
it is suitable for small computers, it is also easy to tearn and use.
However, only Varian and Interdata are the only manufacturers to make it
available. It is 1likely that BASIC will continue to serve as a teaching
vehicle for commercial applications in the high school curriculum. Many
high school programs in computer education start out with a single lan-
guage, usually BASIC. Within a year a number of students will be clamor-
ing for assembly language and FORTRAN. Some of them wiil be so eager

to progress that they will learn assembly language on their own. There-
fore, it is important to plan on a computer system which will have as
great a variety of programming languages as possible.

In choosing the computer itself, consideration should be given to
the software available rather than memory cycle time, number of bits in
a word, number of registers, and the number of instructions. Another very
important consideration in choosing a computer is the availability of
maintenance. It is usually preferable to obtain the maintenance directly
from the manufacturer rather than from independent sources. Changing a
_39_



Tamp in the computer's display panel may require a maintenar~~ man in

. most of the minicomputers, so don't plan on doing your own maintenance.
In purchasing any options, such as hardware multiply-divide, be sure that
the software to be used will actually make use of the purchased option.
An option which should be considered is the automatic bootstrap loaders.
This will save endless frustration in starting up the computer.

Periperal equipment in general should be purchased from the computer
manufacturer for the sake of maintenance and software suypport and compat-
ibility. The exception to this general rule is when the computer manu-
facturer does not offer that type of peripheral, e.g. tape cassette unit,
or the manufacturér has only a prohibitively expensive, high performance
peripheral device, e.g. Tine printer. Three types of peripheral devices
considered in the study fall under this exception. Mark sense card
readers, if not available from the computer manufacturer, are generally
compatible with the manufacturer's own card reader. In some instances
the computer manufacturer will yield to prodding and supply a mark sense
card reader. It is important to be sure of maintenance and adequate
software support for the mark sense card reader. Digital Equipment Cor-
poration and Interdata manufacture their own special tape systems. In
both cases, the tape systems interface to their respective computers
and are fully supported with software, including operating systems. The
other cassette tape systems in Appendix C can be electronically connected
to any one of a number of minicomputers. However, adequate software 1is
provided for only the more popular minicomputers, as indicated by the
last column of appendix C. Here again one must be sure that the level
of software support, for a given computer, will be sufficient to utilize
the cassette tape system in the intended manner. Both D.E.C. and
interdata will of course maintain their own tape systems; however, with
the other cassette tape system manufacturers maintenance may be somewhat
more of a problem especially for schools which are distant from major
urban areas. Fortunately, however, most of the tape cassette systems seem
to be conservatively designed and should provide fairly reliable operation.
Those tape cassette systems which are sold through a manufacturer's rep-
resentative can usually be serviced through the representative. Printing
devices also deserve careful consideration. Generally electromechanical
equipmeént such as printers require a high degree of maintenance. However,
recent improvements in technology have lead to new printer designs with |
improved reliability especially in the low and medium speed range. These
printers are also significantly Tower in cost than older-printers. Non
jmpact printers using an ink drop technology such-as A.B. Dick's Video
Jet Printer or Teletype's Inktronic printer, may be the most suitable for
the educational environment. They are quiet, use ordinary paper, inherently
reliable, and low cost. Interfaces are available as is softisare to support
them for most m¥nicomputers. Maintenance and service are nationwide and
should be available in most communities.

. -By followirg the guide Tines, considerations and specifications in

~ this report, a highly effective educational computer system can be built
in a modular fashion. Planning should be done over a three to five year

period so that all of the equipment purchased can be used at each stage

of the expansion. The configurations i1lustrated in the previous section

indicate how such expension can take place.
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MINICOMPUTER MANUFACTURERS

APPENDIX A

1.

St. Paul, Minn.

Atron Corp.

1256 Trapp Road

55118
612-454-6150

BIT, Inc.

5 Strathmore Road
Natick, Mass. 01760
617-237-2330

Cincinnati Milacron, Inc.
Process Control Div.
Lebanon, Ohio 45036
513-949-5444

Clary Datacomp Systems, Inc.

404 Juniper Serra Drive
San Gabriel, Calif. 91776
213-283-9485

Compiler Systems, Inc.
P. 0. Box 366
Ridgefield, Conn. 06877
203-438-0488

Computer Automation, Irc.
895 West 16th Street
Newport Beach, Calif.
714-642-9630

~ Computer Logic Systems, Inc.

49 Poliard Street
North Billerica, Mass.
617-729-2703

Data General Corp.
Route &
Southboro, Mass.
617-485-9100

01772

92660

01862

Datamate Computer Systems, Inc.

P. 0. Box 310

Big Spring, Texas 79720

' 915-267-6353

.= 42 -

__MODEL

Atron=501

BIT 483

CIP 2100

DATACOMP 404

CsI-16
CSI-24

Model 116
Model 216
Model 816

CLS-18

NOVA 1200 *

NOVA 800 *
SUPER NOVA

Datamate 16
Datamate 70

MINIMUM SYSTEM

cosT (1)

§& 7,600

11,700

7,815

9,950

10,750
17,250

11,990
9,980
7,990

10,950

6,700

8,200
10,850

16,600
10,200



e

10. Digital Computer Controls D-1121A $ 5,200
23 Just Road
Fairfield, New Jersey 07006
201-227-4861

11. Digital Equipment Corporation PDP-8/L 8,50n
146 Main Street PDP-8/1 12,800
Maynard, Mass. PDP-8/e * 6,490
£17-897-5111 PDP-11/20n * 10,800

12. Digital Scientific Corp. Meta-4 15,650

11455 Sorrento Valley Road
San Diego, Calif. 92121
714-453-6050

13. Electronic Associates, Inc. EAI-640 24,000
185 Monmouth Pk. Hwy.
West Long Branch, N. J. 07764
2071-229-11N0N

14. Elron, Inc. . ELBIT-10N 6,600
Bldg. 812, Raritan Ctr.
Edison, N. J. 08811
201-225-1900

15. Foto-Mem, Inc. CENTAUR 12,000
2 Mercer Road
Natick, Mass. 01760
617-655-4600

16. General Automalion, Inc. SPC-16 11,250
1402 E. Chestnut Avenue Spc-12 9,700
Santa Ana, Calif. 92701
714-835-4804

17. GRI Computer Corp. GRI-9N9 8,400
96 Rowe Street
Newton, Mass. 02166
617-969-0800

18. Hewlett-Packard Co. o
Cupertino Division HP2114C * 10,500
11000 Wolfe Road HP2116C 22,000
Cupertino, Calif. 95014
408-257-7000

*19. Honeywell Computer, Control Div. H-316 * 10,400
01d Connecticut Park . A
Framingham, Mass. 01701
617-235-6220 '
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20.

21,
22.

23.

24.
25,
26.

.27.'
28.

29.

Information Technology, Inc. ITI 4900
164 Wolfe Road
Sunnyvale, Calif. 94086

Infotronics Corp. mini/max
8500 Cameron Road
Austin, Texas 78753

" 512-454-3521

Interdata, Inc. ] 14 *
2 Crescent Place

Oceanport, N. J. 07757

201-229-4040

Lockheed Electronics MAC 16;r
Data Products Div.

6201 E. Randoiph St.

Los Angeles, Calif. 90022

213-722-6810

Microdata Corp. MICRO 810
644 East Young St.

Santa Ana, Calif. 92704

714-546-7160

Modular Computer Systems, Inc. Modcomp II
2709 N. Dixie H'way

Fort Lauderdale, Fla. 33308

305-563-4392

Motorola Instrumentation & Control MDP-1000

_ 3102 North 56th Street

Phoenix, Ariz. 85030
602-959-1000

Multidata, Inc. Mod A
7300 Bolsa Avenue

Westminster, Calif. 92683

213-598-1377

Philips Business Systems, Inc. P-350
100 East 42nd Street

New York, New York 10017

212-697-3600

Raytheon 703

- 2700 South Fairview 5t. jna  *
~ Santa Ana, Calif. 92704
714-546-7160

4G

$

11.150

14,400

10,100

9,500

9,415

11,500

9,250

15,000

13,950
10,95N



30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Redcor Corp., Inc.

21200 Victary Blvd.

Woodland Hills, Calif. 91364
213-348-5892

Spiras Systems, Inc.
332 Second Avenue
waltham, Mass. 20154
617-891--7300

Sys tems Engineering Labs.
69071 West Sunries Blvd.

Fort Lauderdale, Fla. 33301
305-587-2900

TEC, Inc.

6700 South Washington Ave.
Eden Prairie, Minn. 55343
612-941-1100

Tempo Computers, Inc.

1550 So. State College Blvd.
Anaheim, Calif. 22806
714-633-3660

Texas Instruments

P. 0. Box 66027
Houston, Texas 77006
713=526-1411

Unicomp, Inc.

18219 Parthemia St.
Northridge, Calif. 91324
213-886-7722 '

varian Data Machines, Inc.
2722 Michelson Drive
Irvine, Calif. 92664
714-833-2400 :

Viatron Computer Systems Corp.

Route 672
Bedford, Mass. 01730
617-275-6100

Westinghouse

Computer Department

1200 West Colonial Drive
Orlando, Fla. 32804

RC 70

SPIRAS-65

SEL 82

SEL 72

520-PCP

TEMPO 1

TI-96N

Comp-16

€620/L *
620/1
620/ F

2140/50

2500 *

16,400

14,600

9,600

15,000

13,490

15,600

15,460

9,300

7,200
11,750
12,400

11,850



40. Xerox Data Systems ' CE-16A $ 13,000
701 South Aviation Blvd.
E1 Segundo, Calif.
213-772-4511

41. Wang Laboratories Wang 3300 9,700
836 North Street
Tewksbury, Mass. 01876
617-851-7311

*  Minicomputer models followed by an asterisk indicate that it is
*  considered acceptable for an educational computing environment.

(1) A minimum system consists of a computer processor, 4096 words of
memory, and a console teletypewriter with integral paper tape reader
and punch operating at 10 characters per second. The costs were

~compiled from manufacturer supplied price lTists and are current =s
~ of the last quarter 1970 and January 1971.
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APPENDIX F

Low Cost Output Devices

Manufacturer. Model Speed* Characters/line Cost
I -includes keyboard. ) N
Teletype Corporation# KSR33 10cps 72 $650
, ASR33 10cps 72 $800
IBM Corporation 2740/ 15¢ps 121 $3500
SYNER DATA Beta 10/15/30cps 132 $6000

133 Brimbal Ave.
Beverly, Mass.01915

REPCO, Inc. 120 120cps 80 $2500
1940 Lockwood Way
Orlando, Fla. 32804

Sperry Rand UNIVAC DCT-500 30cps 132 $4500
Digital Equipment Corp. LA-30 30 eps 80 $2500
Texas Instruments, Inc. 710 15/30cps 80 $3800
General Electric 300 10/15/30cps 75 $3700
Litton,ABS Div. 30 25¢cps : 192 $2200

, This is not a complete 1list of Keyboard-printing devices. However,
it 1s representative of the many other similar devices.

*cps - characters per second or 1ps - lines per second.
# Virtually all minicomputers have a standard interface to the teletype
ASR(KSR) 33. The ASR33 includes a paper-tape reader/punch and is used

_as the standard input-output device. Teletypes supplied by the computer
* manufacturer usually will be slightly more expensive.
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Manufacturer Model Speed Char./line Technology Cost

II Printers

Centranics 101 165cps 132 impact  $2500
Hudson, N.H.

Data Printer F80 6001pm 80 impact  $8000
Cambridge, Mass. F132 6001pm 132 impact $11000
A.B. Dick Videojet 960 250cps 132 ink jet $7500

Chicago, I11.

Mortec B64 2001pm 132 impact  $6500
Ashland, Mass.

Odec Computer Systems 801 150 80 impact  $6500
East Providence, R.I.

Potter Instruients
Co. LP-300  300cps/1351pm 132 jmpact  $4500
Plainview, N.Y.

Teletype Corp. Inktronic 120cps 80 ink jet $5500
Skokie, I11.

Vogue Instruments 880c¢ 4001pm 80 impact  $9800
Richmond Hiil, N.Y.

Versatec Matrix 300  3001pm 80 electro- $6000
Cupertino, Cal. static

SYNER DATA ALPHA 3001pm 80 impact  $2000

Beverly, Mass,

This is not a complete 1ist of available equipment but represents
those printing devices which the author feels will best service the
educational environment.




Glossary of Commonly Used Computer Terminology

This glossary contains only the most commonly encountered term-
1no]ody It should he helpful to those with 1ittle or no backaround
in computer technology and who will deal with minicomnhuter manufac-
turers znd their sales personnel. A more comnrehensive Tistina of
computer terminology can be found in "Vocabulary for Information Pro-
cessing," nublished by the American flational Standards Institute, Inc.,
1430 Broadway, MNew York, MNew York, 10018,

Absolute Address (or coding) - An address (or codino, i.e. machine in-
structions) written or expressed in the basic numeric language
acceptable to the computer without any further modification.

Access Time - The time duration required to obtain information from a
storage device (read time) or the time duration to place infor-
mation into a storage device (write time).

Accumulator - A part of the arithmetic logic unit of a computer. It
is a register which temporarily stores information and is used
to perform manipulation upon the information such as summing it
with a second quantity. The accumulator may also be used in.the
transfer of data to and from storage or external devices.

Accoustic Coupler - A device used to transfer information to and from
a terminal (e.g. teletypewriter) via an ordinary telephone set
over telephone lines to a remote computer. An accoustic coupler
may be used in place of a data set to provide portability to the

terminal.

Adder - A device (a nart of the arithmetic-Togic unit of a compbuter)
capable of forming the sum of two or more digital guantities.
The device whose function is imnlied in an add instruction.

Address - A Tlabel, name or number which designates a register, memory
‘location or device. An address may be either absolute or symbolic,
it may be direct or may require further modification. It may
refer to data or to an instruction or co a device.

Address Modification - The process or means of chang1ng an address part
of an instruction for actual use by the machine. The types of
address modification are as follows:

1. Direct: no modification of address

2. Indexed: adding an index value (or the contents of an index
register) to the specified address.

3. Indirect:the actual address used by the instruction is taken
from the lccation specified in the address part of
an instruction.

4. Relative:the address is relative to the value contained in
some register. ‘

o - 54 -




ALGOL - ALGOrithmic Language. A computer lanauage allowina the pro-
grammer to communicate with the computer using a mathematics-
Tike notation. ALGOL is similar to other proaramming languages
such as JOSS, FOCAL, BASIC and FNRTRAMNM,

Algorithm - A finite set of step-by-step rules cr nrocedures for the
solution of a given problem (assuming that a solution js possible).
The rules for long division or a comoputer program which gives
consistent answers, are examples of algorithms.

Alphanumeric - Characters which consist of the letters of the alphabet,
numerals and/or special symbols which are represented in some
form for use in and manipulation by the computer,

Analog Computer - A computer which uses physical quantities (e.q.
voltage, force, fluid volume) to represent numeric quantities
in performing computation.

Arithmetic Unit - That functional part of the computer involved in
arithmetic and logical operations such as addition, subtraction,
multiplication, address modification, shifting, etc.

ASCII - American Standard Code for Information Interchange. A standard
established to represent alphanumeric characters in computars and
for the interchange and communication of computer intelligent
information. ASCII has been adopted Ly almost all minicomputer
manufacturers.

Assembler, Assemhle - A computer program th.t operates on a symbolic
input (assembly language program) to assemble or produce machine
instructions. The assembler, assembles or transiates the symbolic
instructions of the program into machine instructions. The assem-
hler is the most basic program supplied by the manufacturer.

Assembly language -- This is the most elementary (but most difficult to
Tearn and use) symbolic language of the computer. Assembly lang-

the computer may execute.

Automatic programming - The approach or process of using the computer
to perform some of the work and effort in preparing a computer
program to solve a problem.

Auxiliary storage - Storage (or memory facility) which supplements the
computers main memory. Auxiliary storage is usually provided by
means of magnetic tape or magnetic disk or dreum device.

Base - A number base, a quantity used implicity tn define a system of
representing numbers by positional notaticn, also termed Radix.




Ordinary numbers use base 10 or decimal notation, while comnuters
generally use hase 2 or binary notation. The octal or base 8 no-
tation is also frequentiy encountered.

Base page - Minicomnuters generally have their main memories divided
into units termed pages. The pages are numbered sequentially
and each naage contains a fixed number of storaae locations. The
1owpst numbered page is called the hase page or page zero.

BASIC - Beginner's All-purpose Symbolic Instruction Code is a program-
ming language developed at the Dartmouth Collece. 1t uses an
English and Mathematics like notation. It is an easy to learn
and use programming language and has been widely accepted. A
good deal of secondary school curriculum materials have been

developed using BASIC.

Baud - A baud is a unit of i¥nformation transmission. In data communi-
cations it refers to the number of hits (pulses) transmitted per
second. A teletypewriter is a 110 baud device, that is, it can
transmit or receive information at the rate of 110 bits per sec-
ond..

Batch Processing - Is a mode of operating a computer system in which
all the resources of the computer are available to a single pro-
gram until that program is completed. The next program can begin
only when the prior program is ccmpleted. This is in onposition
to timesharing in which a number of programs, in various states
of completion, are comneting for or sharing the computer's resour-

ces.

Binary - A positional number system employing the base two representation.
The binary digits are 0 and 1. Most minicomputers employ the binary
number system for representing numbers. Machine instructions
(Tanguage) are in binary form; that is, composed of 0's and 1's.

Binary device - Any device capable of having two distinguishing states
' is termed a binary device. Examples are a hole or no hnle. (In
a punch card or paper tape). voltage or no voltage (in an elec-
tronic circuit), a switch either on or off.

Bit - A contraction of Binary Digit. Sometimes used to denote the binary
digit of "1"

Buolean - Generally in reference to the logical operators of AND, OR
and NOT with respect to binary values.

Boststrap - A short sequence of instructions, manually entered into
the computer's memory which enakies it to operate a device (us-
- ually paper tape reader) which will read into the computer's
memory a larger program - usually called a loader. Some manufac~
turers cail the bootstrap a RiM loader.



Branch - An instruction which causes the comnuter to switch from one
sequence of instructions to another sequence of instructions. A
branch may be an unconditional branch or the hranch may occur
only when specified conditions arise. Some computer manufacturers
use the terms "jump" or "transfer" instead of branch.

Buffer - A storage device used when transmitting data between a computer
and a device to compensate for a difference in rate of flow of
data.

Bus - A path oar channel along which data or control signals can be
sent. A memory bus is the path from the memory to the computer
processor itself. An I/0 (input-outout) bus can be a path from
a magnetic tane device to memory.

Byte - The smallest sequence of bits (binary digits) which may be op-
erated upon as a unit. A byte may also represent a character
(usually six or eight bits).

CAL - Computer Aided Instruction or Computer Assisted Instruction:
Generally 1t refers to the use of the computer interactively
with the student to provide him with drills, tutcrials and
problem solving.

Call - To transfer controi, temporarily, to a defined sequence of
computation steps (a subroutine).

Calling Sequence - A basic sequence of instructions used to begin,
initialize, transfer to and/or return from a suproutine.

Carry - The digit, or signal, which occurs when the sum, or nroduct,
of two digits equal or exceed the number base.

Central Processor Unit - That part of a computer system which consists
of the arithmetic-logical unit, control unit, input-output con-
trol and memory. The central processor unit is conveniently ab-
breviated to CPU.

Channel - A path along which electrical signals can travel between
points, e.g. between a device and memory. The terms channel and
bus are used in similar ways.

Character - One of a set of elements (digits, letters or snecial syn.-
bols) which may be arranged inte grouns to convey information.
Each character may be represented by a unique group of binary
digits such as in the ASCII code.

Clear - Reset to an initial condition or state. To clear memory is
to reset memory to it's initial state of all zeros.



Clock - A computer device which generates perjodic signals. The
clock may he used to synchronize internal operations of the
computer.

Closed Shoo - A mode of operating a comnuter system wherein the pro-
grammer may only submit his programs to the machine's operator.
The programmer is not permitted to exercise physical control over

the computer.
CMI - Computer Managed Instruction. In CMI, the role of the computer

is to assist the teacher in planning 1nd1v1dua11zed instructional
sequences.

Code - 1) The representation of one set of symhols by another
e.g. ASCII is a binary code for letters, numerals, etc.

Sequences of computer instructions which performs some
action or computation.

%]
o

Coding - To prepare a set of comnuter instructions to accomplish an
action, task or computation. Coding may he ahsolute (to be
used without modification) or symbolic. Also, a sequence of
computer instrictions,

Compiler, Comnile - To prepare a machine language program from a
symbolic lancuage program by means of a computer program called
a2 compiler. The compiler allows for the automatic translation of
symbolic expressions, understanable by human heings, to seguences
of instructions intelligible to the computer.

Computer - A device or instrument capable of accepting and storing
information, applying a sequence of prescribed processes to that
information, and making the results of those processes avail-

able,

Configuration - A particular assembly of a computer, memory input-
output devices, and storage devices.

Connect Time - With respect to time-sharing, it is the elapsed time of
use, from the time of connecting with the time-sharing computer,
to the time of disconnecting.

Contents -~ The information contained in a storage location.

Control Panel - That part of the computer which contains indicator
lights and switches, upon which the computer's operator may
direct and interact with the computer.

-Control Unit - The portion of a computer which directs (controls)
‘the automatic operation of the computer, controls the flow of
information, 1nterpret5 instructions, and initiates control
signals to other portions of the comnuter in executing instruc-

tions. 58 -
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Controller - The device actually responsible for the operation.
(e.g. startina, rewinding, readina, etc.) of an inout-output
device such as magnetic tape. The controller receives it's
instructions from the computer and directs and controls the
operation of the specified device. A controller can usually
control several devices of the same type.

Core Memory - A fast, random-access storage device of the central
processing unit; usually made of many small ferromagnetic
rings (cores) strung on wires in a matrix of arrays.

CPU - Central Processing Unit - see entry for central procescing
unit.

Crash - Refers to a computer or proqram failure which prevents further
or continued normal operation.

Current Page - In computers which have their memories divided into
pages, it refers to the memory page which contains the current
instruction being executed.

Cycle - 1) A sequence of operations regularly repeated.

2) The time it takes for one sequence of occur, .e. cycle
time.

Cycle Stealing - When a device prevents the CPU from reading or writing
into memory, so that it can read or write memory itself.

Data - A collection and representation of information and facts by
alphabetic and numeric characters, which can he processed or pro-
duced by a computer.

DATA-PHONE - A trade mark of the Bell System for the data sets they
manufacture and supply. DATA-PHONE service is the Bell System
service mark for the transmission of data over the regular tele-
phone network.

Data set - A device which permits a terminal to receive and transmit
information over telephone lines. Data sets, generally, are
not portable.

Debug - To locate and to reiove errors (bugs) or mistakes in a compu-
ter program.

Diagnostic - A program or series of programs sunplied by the computer
manufacturer, used to detect, identify and locate malfunctions
in the computer itself and attached input-output devices.



Direct Memory Access - A means (or feature) which permits the direct
transferring of blocks of data hetween an external storage de-
vice and the computer's memcry. DMA is the cormmonly used ab-
breviation for direct memory access. Some computer manufacturers
include DMA in their basic price while others will supply DMA
at additional cost. DMA is necessarv for devices such as mag-
netic tape drives or disk drive systems.

Disc/Disk - A magnetically coated platter (disk) for the storage of
information. A removable disk is *termed a diskpack. A disk
will require a device called a "controller" for operation with
a minicomputer. Generally DMA will also be required.

Double Precision - Data requiring two adjacent memory lecations (or
words) to gain greater accuracy than would he available from a
single word or location.

Downtime - The time during which the computer system is unavailable
for use because of equipment malfunction. Downtime is a measure
of the reliability of the computer system. As a general rule
the larger and more comnlex a comnuter system is, the greater
will be it's expected downtime.

Driver ~ An input-outbut progrum to provide for automatic oberation
of a specific device with the comnuter.

Drum - A cylindrical device, magnetically coated, used to provide
auxiliary storage for a computer. A drum is similar to the disk.

Dump = To record the contents of the computer's main memory onto
an external device such as a printer or magnetic tape.

Duplex - A communications 1ink which permits two-way operation.

1. Full duplex: two-way communication simultaneously
2. Half duplex: Communication one-way or the other, but
not both ways simultaneously.

Effective Address - The address that is derived by applying any specified
indexing or indirect addressing rules to the address part of the
instruction. The effective address jis the address of the location
actually used by the instruction.

Enable - To set a signal or condition which will permit a specified
event to proceed, whenever it is ready to do so.

Error - The difference in value between a computed or measured quantity
and it's known or theoretically correct value.

Execute -~ To carry out or perform a snecified oneration such as an
instruction or pProgram.
- 60 -




Execute Cycle - A state of the internal logic which causes the computer
to carry out a seguence of elamentary steps to produce the results
specified by the instruction. :

Execution Time - The length of time the computer is actially processing
the user's program. UWith respect to time-snaring, the execution
time will generally be a fraction of the connect time.

Executive Control Program - A main system program dasigned to establish
priorities, process and control the execution of other; programs.
It provides a degree of automatian to the operations and management
of a computer system. It is also synonymous with monitor, operating
system, and supervisory control program.

File - An organized collection of related information items to be treated
as a unit. A program, the student attendance records, or an inven-
tory list are examples of files.

Fixed-Point - A numerical representation or arithmetic system in
which the radix (fractional) point always appears 1n a constant,
predetermined position.

Flag - An indicator of a signal or condition recognized by the computer
e.g. printer ready flag. A flag will generally he in one of tio
states (binary) - set or reset, on or off.

Floating-Point - A numerical representation and system of arithmetic in
which quantities are expressed by a fraction (mantissa) and some
power of the radix (exponent or characteristic). Thus the implied
radix point may be shifted by adjusting the exponent. Minicomnuters
do floating point arithmetic by software rather than by hardware,
although some have floating point hardware.

Flow Chart - A grapnhical representation of an algorithm or procedure
in which symbols are used to represent individual operations.
The 1ines interconnecting the symbols, represent the flow of in-
formation.

FOCAL - Formula Calculator. A proprietary language developed by
Digital Eauipment Corporation for use on their PDP-8 series
of computers. FOCAL is similar to BASIC but has greater
capabilities.

Format - A predetermined arrangement of hits, characters and grouns
of characters jnto a specified pattern.

FORTRAN - Formula Translater. A programming language developed to
express numerical problems with an algebra-like notation. If
a FORTRAN compiler exists for a minicomputer, it generally re-
quires at least 8,192 storage locations and operates in single-
user batch mode.

g2
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Frame - The recording position across the width of paper tape, per-
pendicular to the direction of it's travel.

Full duplex - See entry for duplex.

Gap - An interval in space or time associated with the processina of
data. A gap may be used to separate units of data {records) or
to signal the end of a group of data units (file).

Garbage - The production or recording of unwanted and meaningless
information in some memory or storage area.

General Purpose computer - A computer designed to handle a wide
variety of oroblems by means of nrograms stored in it's nemory.

Half-duplex - See entry for dunlex.

Hardcopy - Refers to any computer generated outnut which can be mean-
ingfully interpreted by humans. Most commonly it refers to printed

output.

Hardware - Physical equipment, mechanical, magnetic, and electronic
devices which compose the computer system Hardware is 1in contrast
to software (computer programs).

Head - The e]ectrcmagnet1c device which writes, reads or erases data on
magnetic recording devices such as a disk, tape or drum.

Heuristic = An intuitive approach to problem solving in which an
evaluation of the progress made toward the desired result is
used in discovering the solution.

Hexadecimal - A positional number system employing the base 16.
The hexadecimal digits are represented by 0 through 9 and
A, B, C, b, E, F.

-High Level Language - Any programming Tanguage capable of expressing
an algorithm or procedure more concisely than assembly lanquage.
BASIC, ALGOL, and FORTRAN are common examples of h1qh Tevel
1anguage

Hollerith - A 12-bit character code for recording information on
punch cards.

Index Register - A memory device conta1n1nq an index value for
modifying an instruction address nrior to or during the in-
-structions execution.

'Initia11ze - To set registers, switches and memory locations to
‘prescribed starting values.

- 62 -
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Input - The data or information supplied to the computer for proces-
sing. A device containing data for input to the computer 1is
termed an input device.

Instruction - A set of bits which cause the computer to perform a
specified operation. An instruction consists of th:ee parts:
an operation code, an address part and address modifiers.

Interface - A common boundary between two devices naving different
function. The interface may be as simple as a connector
plug or a complex device in itself.

Interpreter - A program for a user language (e.g. BASIC or FOCAL)
translation, which translates and executes each statement
before translating and executina the next one.

Interrupt - A hardware feature which allows the computer to break
its normal sequence of instructions, in such a wavy that it
can resume later, to process data that requires its immediate
attention.

I/0 - An abbreviation for input-outout, j.e. transmission to and
from the computer. Also refers to devices such as a tele-
typewriter,

K~ Signifies the prefix "Kilo" meaning a thousand. When used in
connection with computers it denotes 1024 rather than 1000.
Thus, a 4K memory implies 4 x 1024 or 4N96 memory locations.

Label ~ An arrangement of alphanumeric symhols, used symbolically
to identify an instruction, a group of instructions, a program
statement, a quantity, a data area, or a program.

Language - A set of symbols, rules and conventions for combining
symbols, used to generate statements for the purpose of con-
veying information. A programming language is used to exnress
algorithms or procedures for use by a comnuter.

Library - A collection of commonly used prcgrams, such as a SINE
program. The computer manufacturer may supply a basic library
of programs and the users will contribute additional programs.

Line Printer - A printing device capable of printing an entire
line of characters all at once. A teletypewriter prints one
character at a time and hence is not a line printer.

Linkage - A means of connecting and communicatina information be-
tween two separate programs.

Load/Loader - To read into memory a binary orogram under the control
of a loader program.

- 63 -
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Location - Refers to a position in storage (or memory) uniquely
specified by an address. A location, usua-ly, is a full
computer word.

Logical - Pertains to the bocolean algebra with the sperations "AND",
"OR", “NOT" and the values "TRUE" and "FALSE". A1l minicomputers
include logical operations in their canability.

Loop - A sequence of instructions whose execution is repeated a
specified number of times.

Machine - Referring to the computer.

Machine language - The most elementary hinary language which contains
no symbolic information. Machine language is directly acceptable
to the machine. See entry for absolute.

MACRO - An advanced assembly language feature which can generate many
machine-language instructions from a single MACRD instruction.

i

Magnetic core - See entry for core memory.

Magnetic Disk/Drum - See entries for Disk and Drum.

Magnetic tape - A widely used storage medium, consisting of a magnetically
coated plastic tape. It is similar to the magnetic tape used in
home tape recorders.

Mainframe - Refers to the computer CPU as distinct from any assoc-
jated peripheral equipment.

Maintenance - The necessary support to keep the computer (also
large programs such as compilers) in good working order. A
separate maintenance contract is usually required for pur-
chased equipment while rental or lease nrices usually in- -
cluae maintenance.

Mark sense - A means of recording information on a media, such as
a punch card, with a pencil or marking device, as opposed to
punching holes in a card. Also pertains to the device capable
of reading from mark sense media.

Memory - A device for storing information in a form that can be
accessed by the computer hardware.

Memory cycle time - The minimum length of time between two suc-
cessive access to the memory device.

Memory Protect - See entry for Storage Protect

- 64 -
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Minicomputer - A small scale, general opurnose digital computer
with a word length of from 12 to 18 bits, the most common
Tength being 16 bits. A major characteristic of mini-
computers is their Tow price, less than 310,000 for the
CPU.  In mary respects they are very similar to their
larger cousins.

Mnemonic - Abbraviations, Ffor the symbolic instructions of the
computer, designed to assist human memory.

Mode - Refers to the method of operations: time—sharing vs batch,
open-shop vz closed-shop, fixed-point vs floating point, etc.

Modern - Synonymous with data set, see entry for Data Set.
Monitor - See entry for Executive control program,

Multiplexor - A device for sampling several input (output) channels
and interleaving their signals on a singie output (innput)
channel. A multipiexor may give the appearance of simultaneous
communications, as in time-sharing.

Normalize - A computer operation which automatically shifts left
so that a maximum number of bits are accommodated in a
specified register or Tocation. The normalize operation
is usually associated with floating-noint arithmetic.

Object Code - The absolute or binary output of a comniler or
assembler, as opposed to a source or symholic program.
The object code is in a machine language form.

Octal - A positional number system employing base 8. Binary ,
numbers are easily expressed as octal numbers by expressing
successive groups of three hinary digits as a single octal
digit.

OEM - Original Equipment Manufacturer: the manufacturer who supplies
equipment to be included in a second manufacturers product
line. For example, the Teletype Corn. is the OEM supplier of
the teletypewriters supplied and sold by most minicomputer
manufacturers. Most computer manufacturers OEM neripheral
equipment come from manufacturers who specialize in the design
and manufacture of computer perinpheral equipment.

Off-line - Refers to the use of peripherai device independently
of the computer. A teletypewriter may be used off-line to
punch a program onto paper-tape.

One's Complement - Refers to the binary value obtained in subtracting
the original value from a string of all ones. A comnuter gen-
erates the ones complement by changina 1's to N's and N's to 1's.
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On-line - Pertains to a peripheral device used under the control of
the comnuter.

Open Shop - A mode of operating a comnuter system whereby the
rPrograriier may exert physical control over the computer. See
3lso entry for ciosed shop.

Operand - The quantity or data specified in an instruction to be
nrocessed,

Operating system - See entry for executive control program.

Operation code - The part of an instruction specifying the operation
to be performed.

Output - The data or information (or the process ftself) transmitted
from the computer to a peripheral device.

Overflow - The cendition arising in which the auantity generated
exceeds the capacity to store it. In an arithmetic operation
it refers to a number generated which is too large to be
contained in a register cr storage word.

Packed Vliord - Compressing two or more independent information units
for storage in a computer word. For examnle, atoring two ASCII
characters in a word, or converting several words of decimal
digits to a single binary integer.

Page - A seament of memory with a fixed number of storage locations,
dictated by the direct addressing range of memory referencing
instructions. Generally, all minicomputers have their memories
segmented into uniform size pages. Depending upon the manufac-
turer, the page size will vary from 128 locations to 1024 locations.

Page Zero - Page Zero is the lowest numbered page in a segmented
(paged) memory. Usually, instructions in any page may reference
page zero. In some minicomputers, page zero may have special
addressing characteristics. A7so see entry for current page.

Panel - See entry for control page.

Pass - One complete cycle in processing a set of recorded information.
Typicall, assemblers and compileirs require two or three passes
over the source program.

Parity - An error detection technique in which a bit (parity bit) is
appended to a byte, character, or word so that the number of
bits, in the information unit, is either even (even parity) or

- odd (odd parity). By this means it is possible to detect

i errors in transmitting information to and from a computer, its

memory or an external device.

Perforator - A paner tape punch is sometimes referred to as a
perforator. - 66 -
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Peripneral - Input and output equipment which transmits information
to and from the central processor units (includinag memory) is
referred tc as peripheral devices, peripheral equipment, or
neripherals. Examnles would be, magnetic tape reader, high
speed paper tape punch, te’lét_ypewmter‘ etc.

POL - Abbreviation for Problem riented Language. See entry for
Problem Oriented Language.

Port - The electronic facility for cornecting the computer to a
telephone line through a data set.

Preventive Mainternance - Maintenance performed to detect possible
faults before they actually occur. The intention of nre-
ventive maintenance is to reduce the l1ikelihood of faults
occurring during normal operations of the computer system.

Priority - The automatic regulation of events so that specified
activities will be taken over other activities with respect
to time.

Process - A sequence of related activities and manipulations cn
information for a specific purpose.

Processor - Synonymous with central processing unit,

Problem Oriented Language - A programming lanauage desianed to con-
veniently express a class of related prohlems, e.g. BASIC
and FORTRAN and Tanguages for mathematical problems while
COBOL is a language for business problems.

Procedure Oriented Language - Synonymous with problem oriented language.

Program - A computer program is a plan for and the construction and
arrangement of the necessary statements, instructions and data
to achieve the solution to specific problem by the use of a
computer. A program will include all the necessary steps
and instructions needed to solve a given problem by means of
the computer,

Program Library - The collection of available computer programs.
Also see entry for Library.

Program Listing - A computer printed record of the instructions
in a program. A compiler or assembler wiil usually produce

a copy of the program (program listing) indicating any instructions
that are in error.

Programmer - A person who writes or specifies a computer program.
A professional person who engages in writing nrograms.

Programming - The act of creating a comnuter program.
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Pseudo-instruction - A symbolic instruction which has the same
general form as a computer instruction, hut which is not
executed by the computer. The purnose of a pseudo-instruction
is to supply information to the assemhlier or comniler, about

the program itself.

Punched Card - A card punched with a pattern of holes to represent
information. A punched card can be read by an input device
(connected to the computer) called a card-reader. A punched
card is commonly called an "IBM card."

Punched Paper Tape - A strip of paper on which information is
punched as a pattern of holes. Paper tapes are perforated
by a paper tape punch and read by a naper tape reader.
Punched paper tape is the most common form of external storage
used with minicomputers,

Pushdown List - A Tist that is constructed and maintained in such
a manner that any item retrieved from the topn of the Tist
was the last item stored. Pushdown 1ists are very useful
for compilers, interpreters and in the evaluation of arith-
metic expressions. Some minicomputers have instructions
specifically for the manipulation of pushdown Tists, while
those that do not achieve the same result using a sequence
of instructions. Pushdown lists are sometimes characterized
as "last-in, first-out.”

Queue - A Tist constructed and maintained such that the next item
to be retrieved is the oldest item in the Tist. Queues
are sometimes characterized as "first-in, first-out.”

Radix - Synonymous with base.

Random Access - The ability to access information from & storage
device, rapidly and independently of the previous access.
Core memory, magnetic drums and disks are examples of random
.access devices, while magnetic tape and paper tape are exam-
ples of sequential access devices.

Reader - Refers input devices such as a card reader or paper tape
reader.

Read Only Memory - A storage device whose information can be
accessed but not altered. Information is stored in the
read only memory by the manufacturer and not changed nor
destroyed by a computer program. Micro-nrogrammed computers
such as IBM's 360 series, Interdata's 14, Micro system's
810, etc. employ read only memory as part of the computers
design. Some minicemputer manufacturers offer a read only

- memory with the bootstrap proaram.
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Record - A coliection of related information units or data items
which is treated as a unit. An assembly language instruction,
all infermation pertaining to an inventory item, a line
containing a BASIC statement would all be considered a record.
A collection of records constitutes a file.

Register - A device within the computer used to store information
temnorarily and to manipulate the contained information. A
computer contains several register interconnected and under
the control of the contro! unit. Registers are used in a
variety of computer operations such as arithmetic, logical,
and transfer instructions.

Relocatable - Refers to programs which can be placed anywhere
in the computer's memory. However, programs vwhicn are
relocated must have the address references of instructions
suitahly modified. A reiocating loader must be able to
make the appropriate address modifications.

Remote Access - Communicating with a comnuter hy means of a terminal
lTocated some distance from the computer site. The communiication
is usually accomplished by means of a telephone line. Time-
sharing is the most common example of remote access.

Remote terminal - A device for communicating with a remote access
computer facility. A remote terminal must he convenient for
humans to use and yet communicate in a manner acceptable to
the remote computer. A teletypewriter is a very common example
of a remote terminal.

Reset - To restore to an initial state or condition.
ROM - An abbreviation of Read Only Memory.

Rotate - A (right of left) shift of all bits in an accumulator in
which bits lost off one end of the accumulator are carried
around to enter the vacated bit positions at the other end.

Routine - A sequence of computer instructioens which accomplish
a limited task. A program may use several routines. Routines
which have a common use among several users, may be placed in
a Vibrary of routines for ready access by other users.

ROS - Read Only Storage - synonymous with read only memory.

Set - To establish a condition or value, e.q. to set a counter
to the value one, to set a switch on, etc.

Sequential Access - Refers to a facility or device in which all
information must be scanned, un to the desired item, before
an access is made.




Shift - A serial motion of bits in a register (right or left).
In some types of shifts, bits shifted off the end of a
register are lost, while in other types of shifts, bits
shifted out of a register end re-enter at the other end.

Sign - A symbol or bit occupying the sign position, indicating
an aTgebra1calTy positive or negative number.

Significant digit - A digit which contributes to the precision
of-a number, The most significant digit is the left most

non-zaro digit,

Simulate - By means of a computer program and computer, represent
the functioning and behavior of another comnuter, device,
physical, biological or social system.

Software - Compilers, assemblers, supervisory routines, programs,
routines and documentation used in the oneration of a
computer system. The collection of programc .5 opposed to
the computer hardware.

Source language - A program written in symbolic form for input
to an assembler or compiler. A source language program ,
will be transiated into an object program (in machine language.)

Starting Address - The address of the first instructior of a program
stored in the computer's memory. Minicomputers often require
programs to be started by entering the programs starting
address.

Statement -~ A meaningful expression or instruction in some symbolic
programming language.

Storage - The facility and devices for retaining information, within
the computer system, for later retrieval by the computer. Core
memory, magnetic drums, disks and tape are all examples of
storage devices. '

Storage protect - A hardware feature which orevents the inadvertent

dastruction of stored information. Different tynes of storage
devices have the1r own kinds of protection mechanism.

Subrautine - A seaquence of instructions designed to accomplish .

~ . -a specific task. - A subroutine also includes the instructions ;
necessary for other programs to make use of it. Subroutines i
which are widely used are usually placed in the program library.
Subroutine, subprogram, and routine are used synonymously.

-Subprogram - See subroutine.

Supervisor - See Executive control program,
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Symbol Table - A table of symbolic labels and their corresponding
numeric values.

Symbolic Address - An address expressed in terms of symbols,
convenient to the programmer, which will be translated into
an absolute address by a compiler or assembler.

Symbolic c0d1nq - Usually refers to symbolic assembly language
coding, in which instructions and addresses are represented
symbolically rather than in absolute or numeric language.

Symbolic Editor - A program designed to facilitate the corresponding
and updating of other source programs by nermitting automatic
test editing features. These features might include adding,
deleting, searching and inserting of symbolic text.

Syntax - The structure and the rules governing the structure of
expressions or sentences in a language. Programming
languages have their own definite syntactic ruies for
construction or analysis of valid sentences.

System - The collection of hardware components, software and programs
organized to function as a unit.

Syatems house - A company which specializes in the design and
integration of computer equipment and software for special
purpose applications. Systems houses can often provide
devices and interfaces for a given ccmnuter which the
computer's manufacturer does not offer.

Table - A collection of data items in which each item is uniquely
identified by a label or by it's relative position within the
table.

Teletype - A trademark of the Teletype corporation for the teletype-
writers they manufactur and sunply. Teletypes are manufactured
in a number of models for various communication anplications.

The nomenclature most closely associated with the teletypewriters
commonly used with minicomputers and time-sharing is as follows:

1 - KSR:  Keyboard send receive - refers to the basic
teletypewriter which includes a keyhoard and
printer mechanism.

2 - ASR: Automatic Send Receive - refers to the paper
tape reader and punch attached to the keybcard-
printer teletype.

3 - Model

33: Standard duty model, i.e. moderate service 1ife,
and using the ASCII code.
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4 - Model :
35: Heavy duty model, i.e. heavy duty use and

longer service 1life, and also uses the
ASCII code.

Thus, am ASR Model 33 is a standard duty teletype terminal
consisting of a keyboard, printer, naper tape reader and
punch. t is the most commonly encountered input-output
device for minicomputers and time-sharing. There are
additional features which may or may not be required in a
particular application.

Teletypewriter - Refers to any typewriter-like device used to
communicate electronically with a computer or other similar
device. Generic for the teletype or other similar keyboard
printer device. “Teletypewriter" is frequently abbreviated
to TTY.

Terminal - Any device designed for humans to communicate (two way)
with other humans or with a computer.

Time-Sharing - A mode of operating a computer system in which
several users obtain interleaved use of the computer system.
To each user, it appears as though he is the sole user of
the computer.

Translator - A computer program which accepts input, usually in
symbolic form, and transforms it to an object form. Assemblers
and compilers are examples of translators - they accept a
symbolic language program and produce an object language program.

Trap - An unprogrammed conditional branch to a known location. It
js automatically initiated by the hardware due to some new
condition being sensed by it. The location from where the trap
occurred is automatically stored in memory.

- Truncate - To terminate a computational process according to some
rule.

TTY - A common abbreviation for teletypewriters or for a teletype.

Two's Complement - The radix or base complement in binary notation.

' A binary numbering convention for positive and negative numbers
such that subtraction can be accomnlished by the addition of
the two's complement. Computers generate the two's complement
by adding one to the One's complement (inverting one's and zero's).

“User - One who makes use of a computer system. §

,'UtiTity program - A standard program or routine which accomplishes §

some basic function in the operation of the comnuter system.

Typical of utility routines are loaders and programs for the

. reading and writing of peripheral devices. :
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Variable - A symbolic representation of a quantity which can
assume any one of a given set of values.

Word - A set of bits comprising the common unit which the computer
manipulates. Minicomputers have word lengths of from 12 to
18 bits. Some computers can also maninulate subword units
such as the character, byte and half-word.

Write - To deliver and record information on a storage device or
medium such as a magnetic tape.




